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NOVEL HIGH AFFINITY HUMAN ANTIBODIES TO TUMOR 

ANTIGENS 
BACKGROUND OF THE INVENTION 

Tliis application is a continuation-in-part of United States Provisional 
Applications U.S.S.N. 60/000,238 and U.S.S.N. 60/000,250, filed on June 14, 1995 and 
June 15, 1995 respectively. These applications are incorporated by reference for all 
purposes. 

The invention was made by or under a contract with the following 
agencies of the United States Govemmrat: Army Grant No. DAMD17-94-J-4433 and the 
Dqpartment of Health and Human Services, National Institutes of Health, Grant No. UOl 
CA51880. 

Iliis invention pertains to the fields of immunodiagnostics and 
immunotherapeutics. In particular, this invmtion pertains to the discovery of novel 
human antibodies that specifically bind to c-erbB-2, and to chimeric molecules containing 
these antibodies. 

Conventional cancer chemotherapeutic agents cannot distinguish between 
normal cells and tumor cells and hence damage and kill normal proliferating tissues. 
One approach to reduce this toxic side effect is to specifically target the 
chemotherapeutic agent to the tumor. This is the rationale behind the development of 
imitiunotoxins, chimeric molecules composed of an antibody either chemically conjugated 
or fiised to a toxin that binds specifically to antigens on the surface of a tumor cell 
thereby killing or inhibiting the growth of the cell (Frankel et at. Ann. Rev. Med. , 37: 
127 (1986)). The majority of immunotoxins prepared to date, have been made using 
murine monoclonal antibodies (Mabs) that exhibit specificity for tumor cells. 
Immunotoxins made from Mabs demonstrate relatively selective killing of tumor cells in 
^dtro and tumor regression in animal models {id.). 

Despite these promising results, the use of immunotoxins in humans has 
been limited by toxicity, immunograicity and a failure to identify highly specific tumor 
antigens (Byers ei al. Cancer Res.j 49: 6153). Nonspecific toxicity results from the 
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of the monoclonal maxKly 10 lMMl««ific.u„^ . 

»««,y poalon. ho^vc. ^ slinlfic^Oy in»™„, 1^ TT 

135: 1530 (1985)). ^ ^ ^' ^' ^"wwwA. 

Iminunogeiiicity could be avoided and toxicity reduced ifwu « • 

tumor specific hun«„amibodies were available. HotZ^^ ^^"" 
10 monoclonal ».Hh~<' "KITOifciaionofliunia, 
"™«<*™i «mb«te usmg convemfonal hybridonui u« 

<MS<»l,(Jam««rt,^.j^ »»»l«m=,««ndy 
-mo^pecMc mate i. I"«>>en»«e. H^^^ 

15 targeting molecules. nir use as tumor-qjeofic 

SUMMARY OF THE INVENTION 

sFvantibodyCes TTie anHiwi ^6 antibody denved from the 

iKavy or variable , "-^ or more of (he variable 

»yorvanabkl,glttcon,>lemenlaritydelen«imn«,eaioo»fmp. 
been al««i ' " °"^> 

heavy chain joined to a variable «.h. • • ^ compnsmg a variable 
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Particularly preferred (sFv'X, dimers are fusion proteins where the Sfv* components are 
joined through a peptide linkage or through a peptide (0*5). Still other preferred C6 
antibodies indude an antibody selected fitom the group consisting of an antibody having a 
Vi, domain witii one of the amino add sequences shown in Table 10, an antibody having 
5 a Vh domain with me of the amino add sequences shown in Table 12, an antibody 

having a CDR3 domain having one of the amino add sequmces shown in Tables 4, 
15, and 16, and an antibody having a Vh CDR3 domain having one of the amino add 
sequences shown in Tables 13 and 14. Other prefetied embodiments are to be found 
replete throughout the specification. 

*0 In a particularly preferred embodimoit, tiie C6 antibody has a ranging 

from about 1.6 x 10^ to about 1 x l(y^ M in SK-BR-3 cells using Scatchard analysis or 
as measured against purified c-erbB-2 by sur&ce plasmon resonance in a BIAcoie. 

In another embodiment the present invention provides for nuddc adds tiiat 
encode any of the above-described C6 antibodies. The invention also provides few 

15 nucleic adds that encode the amino add sequmces of C6.5, C6KfL3-14, C6L1, C6MH3- 
Bl, or any of the other amino add sequaices oiooding C6 antibodies and described in 
Example 1, 2 or 3. Li addition this invention provides for nucleic add sequences 
encoding any of these amino add sequences having conservative amino add 
substitutions. 

20 In still another ^bodiment, this invention provides for proteins 

comprising one or more complementarity detomining r^ons sdected from the groi^ 
consisting of the complementarity determining regions of Tables 10, 12, 13, 14, 15, and 
16 and of any of the examples, in particular of Examples 1, 2 or 3. Other particularly 
preferred antibodies indude any of the antibodies expressed by the dones described 

25 heidn. 

In still yet another embodim«it, this invention provides for cells 
comprising a recombinant nucleic add which is any of the above described nucldc acids. 

This invention also provides for chimeric molecules that specifically bind a 
tumor cell bearing c-crbB-2. The chimeric molecule comprises an effector molecule 
joined to any of the above-described C6 antibodies. In a preferred embodiment, the 
effector molecule is selected from the group consisting of a cytotoxin (e.g. PE, DT, 
Ridn A, etc.), a label, a nuiionuclide, a drug, a liposome, a ligand, an antibody, and an 
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--igenhtadtagdonudM). C6 Mibody nay be cl«nu«my coojugattd », a» 

e»«te m<to«le or tt» cMnKTfc motocrte nay b. expressed as a fi^ 

TOs invention prowdesfcrnieaiods of nBldngC6anfflx»aes One 
"«ho<. p„«eds by i) pB^ding . phage Ubn>ry presenting a C«.5 variable heavy chain 

and . nnddpUci^y of h«n»n variable light Chains; ii) panrtng «K phage librae 
«*»-2; «»1 iiO i«teing phage Ua, ^flcally bi«l cH»bB-2. TWs method opdo^Jly 

««l»r ™d,«,e. IV) pn«*Hng a phage library prese^ing the variable light ch^ 
Ptage isolated in step iii and a m„ldplid,y Of hunan variable heavy clains: V) p,™^ 
the phage library on c^B-2; and vi) isohtting phage dat spedflcaUy Mad 

a C6 antibody ptoce^b by i)p,„,Mi™, 

P>«ge l*n»y p^esentin, a C6.5 variable light Chain and a nnudplicity of ta^ 

l«avy <*an,s: 11) panning d» phage libta,, o„ c«bB.2; and ifl) iKtf^ 
sp«McaUy bind c-ert)B-2. »i™»einat 

phage l^raq, presenting a C6.J v«iable ligltt ««1 a c« variable heavy chain encodM 
by a .uddc add variable in the se^ enc«ang CDRI, CDR2 or CD83 «^ .hat 
cad, phage displays a difleren. CDE; 0) panning d« phag. ^^j. ^ 

laotanng the phage that spedtically brad c-crbB-2. 

b-^-«*B.2. -n-n^hodinvdvea^^^ci^^^^.^ 

c«npnsu« a cytotoxin ^.adK^ ,0 a hunan « antibody that spedfically bi«^ 

c^B., ^.''"^'•'^'™"'^'^»'^*'*^'™«<»Usb^ 
^^2^ i-'ve.aa.acti^ the biological san^ 

a ch,n«nc molecule compdsuw a labd a.e«h«, a hunan C6 antibody that 
iliecifically hinds c-eibB-2. "wyinai 



ECD ex.^.T "^"^ -e »«d h«in: AMP. ampidllin; c^B.2 

Em extn^lhdar donatn of c^2; CDR, con^ien^ah., detennining region- 
HJW^ enayme lintel immunosod«,t assay; PACS. flnotescence adivated cdl sorter 
TK •*«; Ota. glucose; BBS. hepes buffered saline. ,0 hepes. 150 ' 

nue constant, k.^ d.««na^ «e constant MPBS. sldn.n«d 
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MTPBS, skimmed milk powder in TPBS; PBS, phosphate buffered saline, 2S mM 
NaH2P04, 12S mM NaCl, pH 7.0; PGR, polymerase chain reaction; RU, resonance 
units; scFv or sFv, single-chain Fv fragment; sFv': Fv containing cysteine; TPBS, 
0.05% v/v Tween 20 in PBS; SPR, surface plasmon resonance; V^, immunoglobulin 
S kappa light chain variable region; Vg, immunoglobulin lambda light chain variable 
region; V^, immunoglobulin light chain variable region; Vh, immunoglobulin 
heavy chain variable region; wt, wild type. 

As used herein, an "antibody" refers to a protein consisting of one or more 
polypeptides substantially encoded by immunoglobulin genes or fragments of 

10 immunoglobulin genes. The recognized immunoglobulin genes include the kappa» 

lambda, alpha, gamma, delta, epsilon and mu constant region genes, as well as myriad 
immunoglobulin variable region genes. Light diains are classified as either loqypa or 
lambda. Heavy chains iaue classified as gamma, mu, alpha, delta, or qpsilon, which in 
turn define the immunoglobulin dasses, IgG, IgM, ^A, IgD and IgE, respectively. 

IS A typical immunoglobulin (antibody) structural unit is known to comprise 

a tetramer. Each tetramer is composed of two identical pairs of polypeptide chains, each 
pair having one "light" (about 25 kD) and one "heavy" chain (about 50-70 kD). The 
N-terminus of each chain ddines a variable region of about 100 to 110 or more amino 
adds primarily responsible for antigen recognition. The terms variable light chain (VJ 

20 and variable heavy chain (Vh) refer to these light and heavy chains respectively. 

Antibodies exist as intact immunoglobulins or as a number of well 
characterized fiagments produced by digestion with various pq>tidases. Thus, for 
example, pepsin digests an antibody bdow the disulfide linkages in the hinge region lo 
produce F(ab)'3, a dimer of Fab which itsdf is a light chain joined to Vh-Ch1 by a 

25 disulfide bond. The F(ab)*2 may be reduced under mild conditions to break the disulfide 
linkage in the hinge region thereby converting the (Fab02 dimer into an Fab' monomer. 
The Fab* monomer is essentially an Fab with part of the hinge region (see^ Fundamental 
Immunology, W.E. Paul, ed.. Raven Press, N.Y. (1993), for a more detailed description 
of other antibody fragmrats). While various antibody fragmmts are defined in terms of 

30 the digestion of an intact antibody, one of skill will appreciate that such Fab' fragments 
may be synthesized de novo dther chemically or by utilizing recombinant DNA 
methodology. Thus, the tenn antibody, as used herein also includes antibody firagments 
dther produced by the modification of whole antibodies or synthesized de novo using 
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«combinant DNA n«^odoIogies. antibodies include single chain antibodies 

moie prefeiably single chain Fv (sFV) antibodies in which a variable heavy and a ' 
variable light chain are joined together (directly or through a pq«ide linker) to form a 
continuous polypq)tide. 

An -anligeiUMmiing die- «■ -binding porta.- refas lo Ihe pm of an 
»™«noglabulinnK*cule««panid^ ll- binding sitt i, 

fanned by «ad „^ „, ^ N.,.^ ^^.j ^ ^ 

rn-) and BghK-L-) chains. Tl»=. highly dive-gen. awcbes „ito y «rion. of 

h««or and light chains a« referoi u, a. -hypemriaWe wUd, a» 

|^«P««l^h«ween n»-e co««n^ flanidng «^ 

Ffc. term -ER-„fers a, amino acid «n»nc« which a«n««»llyft«.K, 

between and adjaceM«,h,pen,rtabler^ in i™n„,«,g^^ lna,««ibody 
•".■ecnle. the ,h« hypervatiable regions of a light chata «K. 

of a heavy Chain ate disposed td^i^ «, each other in ,h« din«.ional sp.^ 
fann an anngen binding -s^fece-. s«*« n««a.« ^ ^ 

^.gen m d«e hypen^iable regions of each ofthe heavy «^ iigbtchain, a.^ 
^enedtoas <»">I>len»n.ari,y deto^ining regions- or "CDRs- are eha,,^^ 
for e«mpte by Kabat « ^ sev^ ^in««^aaa 4th ed ' 

VS. Dq». HeaW. and Human Servic. Public H«W. Sendees. Bed«da, MD (1987) 

As used herein. d,e ternB -i,m„unoI,gic.l Wndtag- and -iniBnnological 
pn^- refer to the non^t int««,ions of the type Which oc^^ 
^ an innmuK-globulin uK^ecule and an antigen wbich ^ 
1^ str^ „ afflnity Of inimunoh^ bindtag 1^ 

» terms Of the dmod^ioo constant (KJ of the i«en«i.„. wherdn a smaller Ka 
■CM.grauerafflnity. J-mnmologic.1 binding properties of sdected polypeptides 
can be rifled using methods wea^ in the art One such method 
.he ,«es o, antigen^ site.„^ ^ ^ ^ 

«*«n*- d.pa«. «, dte eoncen-adons Of ^ 
U|e.nteracno..«Kl„.g«^,,.,^^^^^^_^^^^ 

-n^. bod, *e -on ram con«an.-Oo and dte-offrate constant- OU) can 
^^rmn«. by calculation Of dte concattrations and the acotal rates Of 

of Wl^otables cancellation of all parame^rs no. rda«d«, 
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afBnity and is thus equal to the dissociation constant K«. See, genentlfy, Davies et al. 

Ann, Kev. Biochem., 59: 439-473 (1990). 

The term "€6 antibody", as used herein lefos to antibodies doived from 

C6.S whose sequence is e>q>ressly provided haan. C6 antibodies preferably have a 
5 binding affinity of about 1.6 x 10^ or better and are prtferably doived by screoiing (for 

affinity to c-eifoB-2) a phage display library in whidi a known C6 variable heavy (V^ 

chain is e^xressed in combination with a multiplidty of variable light (VJ chains or 

conversely a known C6 variable light diain is expressed in combination with a 

multiplicity of variable heavy (Vh) chains. C6 antibodies also include those antibodies 
10 produced by the introduction of mutations into the variable heavy or variable light 

complementarity determining r^ons (CDRl, CDR2 or CDR3) as described herein. 

Finally C6 antibodies include those antibodies produced by any combination of tiiese 

modification methods as sailed to C6.S and its derivatives. 

A single chain Fv ("sFV" or "scFv") pdypqptide is a covalmtiy linked 
15 Vh::Vi. het^odimer which may be expressed from a nucleic acid including Vh- and V^- 

encoding sequences either jraned diiectiy or joined by a peptide-encoding linker. 

Huston, et al. Proc. Nat. Acad. Sd. USA, 85: 5879-5883 (1988). A number of 

structures for converting the naturally aggr^ated- but diemically separated light and 

heavy polypeptide chains from an antibody V r^on into an sFv molecule which will 
20 fold into a three dimaisi<nial structure substantially similar to the structure of an antigoi- 

binding site. See, e.g. U.S. Patent Nos. 5, 091,513 and 5,132,405 and 4,956,778. 

In one class of embodiments, zecomlnnant design mediods can be used to 

develop suitable diemical structures (linkers) for converting two naturally associated-but 

chonically separate-heavy and light polypeptide chains from an antibody variable region 
25 into a sFv molecule which wiU fold into a three-dimoisional stivcture tiiat is substantially 

similar to native antibody structure. 

Design criteria include determination of the appropriate length to span the 

distance between die C-terminal of one chain and die N-terminal of tiie other, wherein 

the linker is generally formed from small hydrophilic amino acid residues that do not 
JO tend to coil or form secondary structures. Such metiiods have bem described in die art. 

See, e.g., U.S. Patent Nos. 5,091,513 and 5,132,405 to Huston et al.; and U.S. Patent 

No. 4,946,778 to Ladner et al. 
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In this i^, the fim geneial stap of linker design involves identificaticm 
of plausible sites to be linked. Appropriate linkage sites on each of the V„ and V, 
polypeptide domains include those which wiH result in the minimum loss of residues 
ftom the polypq>tide domains, and which will necessitate a linker comprising a minimum 
number of residues consistent with the need for molecule stabiUty. Apairof sites 
defines a -gap" to be linked. Unkers comiecting the C-terminus of one domain to the 
N-termmus of the next generally comprise hydrophiUc amino acids which assume an 
unstructured configuration in physiological solutions and preferably are free of residues 
havmg large side groups which might interfere with proper folding of the V„ and V 
Chairs, -n^-. suitable linkers under the invention generany comprise polypepti^ 
of ahemating sets of glycine and serine residues, and may include ghilamic add and 
lysme residues inserted to enhance solubiUty. One particular linker under the invention 
has Ae amino acid sequence KGly^Ser],. Another particularly preferred linker has the 
ammo add sequence comprising 2 or 3 repeats of [(Ser),Gly] such as [(Ser),GlyL 
Nudeotide sequences encoding sud, linker moieties can be readily provided usii« 
various oligonudeotide synthesis tedmiques known in the art S«. e.g., Sambrook. 
supra. ^ 

■nie phrase -speciflcaay Wnas to a proteta- « -spadfieany 

« daenmnauve of p«e»c= of p«d„ ta ^ . j.,^^^ 

P<»Hmaon<rfp«dmandofterbiologio. Tim, under d«i»««d tamu«a«av 
<»ndMo«.te,«med antibodies 

s«m.flca«amo„««,o«»rp™««ph»«,ta*e.^ SpecMe M„ltog „ , 

l»*c«larp».ei«. e«.„pte, C6 ,««bodi« c«, be raised .0 U„ c^B-Z proWn ftat 
ta«lc«hB.2 and no. to oft., p^etaspresemi. a tissue sample. A varied of 
-nmunoassay lonnars n«y be .sed to seto antibodies speciiicaUy in,n,™„,r.active ^tt, 
. p.«««lar protoio. For e«mple, aolid-phase EUSA i™™™oassays are routinely used 
to .dec. nK»K«lonaI antibodies ,peciifcallyi„.„™.re.etivewiti, a p»^^ SeeHariow 
»d Une (1988) Amibodies. A Manual. CoU. Spring Hart»r Publications 

Yorl., to , descrftwion of innnanoassay fornutts and «»ndi«ons fl«^ 
oetermme S3>edfic immunoreactivity. 
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A chimeric molecule is a molecule in which two or mote molecules that 
exist sqnratdy in their native state are joined togetl^ to form a angle molecule having 
the desired functionali^ of all of its constituent molecules. While the chimeric molecule 
may be prepared by covaloitly linking two molecules eadi ^ntfiesized separately, oac of 
5 sldll in the art wiU appcedale that vfbesn the chimeric molecule is a fiisicm proton, die 
chimera may be ptepaxeA de novo as a angle 'joined" molecule. 

The term "conservative substitution" is used in reference to proteins or 
pq)tides to reflect amino acid substitutions that do not substantiaUy alter the activi^r 
(specificity or binding affinity) of the molecule. Typically consovative amino add 
10 substitutions involve substitution one amino add for another amino add with similar 
chemical properties ie,g. charge or hydrophobidty). The following six groups each 
contain amino adds that are typical conservative substituticms for one anodien 

1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic add (D), Glutamic add (E); 
^ 3) Asparagine (N), Glutamine (Q); 

4) Arginine Lysine (K); 

5) Isoleudne (Q, Leucine (L), M^hicmine (KQ, Valine (V); and 

6) nienylalanine (F), Tyrosine (Y), Tryptophan (W). 

20 BRIEF D£S€3tIPTION OF THE DRAWINGS 

Figure 1 illustrates the nuddc and amino add j w inwice of the C6 sFv 
antibody C6.S. 

Figure 2 shows the location of mutations in a light chain shuffled C6L1 
and heavy chain shuffled C6H2 sFv. Mutations are indicated as shaded spheres on the 
25 Ca-caxbon tradng of the Fv fragmoit of the immunoglc^ulin KOL (Marquart et al. 
(1990). HI, H2, H3, LI, L2 and L3 refer to the Vh and Vl antigen binding loops 
respectively. Mutations in C6L1 are all located in the Vj. domain with parental Vh 
sequence, mutations in C6H2 are all located in the Vh domain with parmtal Vl 
sequence. C6L1 has no mutations located in a fi-strand which forms part of the Vh-Vl 
interface. C6H2 has 2 consovative mutations located in the B-strand formed by 
fiamework 3 residues. 

Figure 3 shows the locations of mutations in light chain shuffled sFv 
which ^ntaneously form dimers. Mutations are indicated as shaded spheres on the a- 
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caibon tiaciiig of the Fv ftagment of the immunoglobulin KOL (Marquart et al.. 1980) 
with the domain located on the left side of each panel. A=C6VLD; B=C6VLE- 
C-CdVLB; D=C6VLF. Each shuffled sFv has at least 1 mutation looted in a fi-suand 
which forms part of the Vh-V^ inteifece. 

Figure 4 illustrates the 72 hour biodistribution of a C6.5 diabody in SK- 
OV-3 tumor-beaiing sdd mice. 
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DETAILED DESCRIPTION 
niis invention provides for novel human antibodies that specificaUy bind 
to the c«raceUular domain of the c-cibB-2 protein product of the HER2/neu oncogene. 
The c^B-2 marker is overexprcssed by 30-50% of breast carcinomas and other 
adenocarcinomas and thus provides a suitable ceU surfiu» marker for qiedficaUy 
targeting tumor cells such as carcinomas. In contrast to previous known anti^B-2 
antibodies, the antibodies of the present invention (designated herein as C6 antibodies) 
are fully human antibodies. Thus, administration of these antibodies to a human host 
didts a little or no immunogenic reqmnse. 

This invention additionaUy provides for chimeric molecules comprisir« the 
C6 antibodies of the present invention joined to an effector molecule. TTie C6 antibodies 
act as a -targeting molecule- tiuit serves to spedficaDy bind tiie chim«ic molecute to 
ceUs bearing ti« c.erbB.2 marker thereby deUvering ti« efector molecule to ti« tmret 
ceil. * 

An effector molecule typically has a characteristic activity tiiat is desired 
to be deliv«ed to tiie target ceU (e,g. a tumor overe,q«ssing c^B-2). Effector 

molecules include cytotoxins. labels, ntdionudides. ligands, antibodies, drugs. Uposomes 

and viral coat proteins tiuu render fl« virus capable of infecting a c-erbB-2expres^^ ' 
cett. Once delivered to die target, die effector molecule exerts its characteristic activity. 

For example, in one embodiment, where die effector molecule is a 
cytotoxin. die diimeric molecule acts as a potent cell-killing agent specificaUy targeting 
die cytotoxin to tumor cells bearing die c-erbB-2 marker. Chimeric cytotoxins diat 
q)ecifically target tumor ceUs are wdl known to tiiose of skill in die art (see, for 
example. Pastan et oL. Ann, Bev. Biochem., 61: 331-354 (1992)). 

In anodic embodiment, die chimeric molecule may be used for detecting 
die presence or absence of tumor cells in nvoorinviiro or for localizing tumor cells in 
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•WHO. These methods involve providing a chimeric molecule comprising an effector 
molecule, that is a detectable lab^ attached to the C6 antibody. The C6 antibody 
qiedfically binds the chimeric mdecule to tumor cells expressing the c-erbB-2 marker 
vrbkh are then marked by thdr association with the detectable label. Subsequmt 
detection of the cell-associated label indicates the presence and/or location of a tumor 
ceU. 

In yet another nnbodiment, the effector molecule may be another specific 
binding moiety including, but not limited to an antibody, an antigen binding domain, a 
growth factor, or a ligand. The chimeric molecule will then act as a highly specific 
biftmctional link». This linker may act to bind and oihance the interaction between cells 
or ceUular components to which the chimeric protein binds. Thus, for example, where 
the "effector" componoit is an anti-Tecq>tor antibody or antibody fragment, the C6 
antibody componoit specifically binds c-abB-2 bearing cancer cells, while tiie effector 
component binds receptors (e.g., IL^2, IL-4, FC7I, FcyU and FcyHI receptors) on the 
sur&ce of immune cells. The chimeric molecule may tiius act to oihance and direct an 
immune response toward target cancer cells. 

In still yet another onbodiment the effector molecule may be a 
phaimaadogical agent (e.g. a dru^ or a vdiicle containing a (riiainiacological agent. 
This is particularly suitable where it is merely desired to invoke a non-ledial biological 
response. Thus the C6 antibody Tecq>tor may be conjugated to a drug sudi as 
vinblastine, vindesine, melphalan, N-Acetylmelphalan, methotrexate, aminopterin, 
doxirubicin, daunorubicin, genistein (a tyrosine kinase inhibitor), an antisense molecule, 
and other pharmacological agents known to those of skill in the art, thereby specifically 
targeting the pharmaooiogical agent to tumor cells expressing c-erbB-2. 

Alternatively, the C6 antibody may be bound to a vdiicle containing the 
tiioapeutic composition. Such vehicles include, but are not limited to liposomes, 
micelles, various synthetic beads, and the like. 

One of skill in the art will appreciate that the chimeric molecules of the 
presoit invention optionally includes multiple targeting moieties bound to a single 
effector or conversdy, multiple effector molecules bound to a single targeting moiety. In 
still other embodiment, the chimeric molecules includes both multiple targeting moieties 
and multiple effector molecules. Thus, for example, this invention provides for "dual 
targeted" cytotoxic chimeric molecules in which the C6 antibody is attached to a 
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cytotoxic molecule while another molecule (e.g. an antibody. „r another ligand) is 
attached to the other terminus of the toxin. Such a dual-taigeted cytotoxin might 
comprise, e.*. a C6 antibody substituted for domain la at the amino tenninus of a PE 

and anti-TAC(Fv) inserted in domain nr. Other antibodies may also be suitable effector 
5 molecules. 

I. IVeiMinfionof r<t Awft^ff^fi^, 

The C6 antibodies of this invention are prepared using standard techniques 
-^^^ot^^oseofsldUintheanlncombinationwiththepolypeptidean^ 
10 acul sequences provided herein. THe polypeptide sequences may be used to determine 
appn^rMie nucleic add sequences encoding the particular C6 antibody disclosed thereby 
•me mideic add sequence may be optimized to reflect particular codoo -prefetences" for' 
vanous expression systems according to standard meduKis wdl known to those of skill in 

theart. Alternativdy. the nucldc add sequences provided herem may also be used to 
IS opms C£ andbodies. 

Using the sequence iiiferniaa™ jnmided, the midefc 
»3m.hedzed ac««itas ,0 a nunU« of sandart n«lKKb 

OUg<«.ucIe«ide synd^, carta, o« „ caam^ ^ ^ 

^gcnucleoWe syndesis n^cWnes (N«dhan,.v.nDev««er e, <a. (1984) Atefeic AcUb 
lUs. 12:6159^168) „ sj^^esized ^a^^f^ vh„^„o,^ 

^ ^ Beanea, CBea^^ . 0^1) ^. 

Once a nuddc acid enwdtag a C6 antibody is .ynlhetiied it niay be 
Cloned ac^rtin, to «d«b. Mote^ 

«l»e« these emls in the art A wide van«y ofctoning and ^ 

«.«Mc.fl«,medKxiss«iBble«,rd»cons.„«do.,f«^i„^^ 

eroding C6 antibody senes..„=lcnow.,.per»„rf,Ml. E«n,ples of d^' 

•echniq-es ««I instrnctfons ««cie« ,o di«, penons Of Skill Uuoujh 
«e«ises «ft»nKlinBe.»>,andlCin™el.G«fc«, MoUcular Owning TecM^. 
Meawd, in fla^a- voliune 152 Acad«nic P«ss. Inc., San Diego. CA (Be^er)- 
Sa™h«K*««l a»in,.^i^;«,^«^pnd.d.) vol. 

Cold ^ Harbor Lab«a»,y. Cold Spring Harbor P„>ss, NY. (Samb™*); ^ 
C^Prou^tnMokcularBioloiy, P.M. Ausabel«ci:. eds.. Cun«tP„«„eoU a 
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joint ventute between Greene Publishing Associates, Inc. and John Wiley & Sons, Inc., 
(1994 Supplement) (Ausubel). Methods of producing recombinant immunoglobulins are 
also known in the art. See, Cabilly, U.S. Patent No. 4,816,567; and Queen et al. (1989) 
Proc. Nat'lAcad. ScL USA 86: 10029-10033. 

Examples of techniques sufficirat to direct p^^ns of skill through in vitro 
amplification methods, including the polymerase chain reaction (PGR) the ligase chain 
reaction (LCR), (2/3-ieplicase amplification and other RNA polymerase mediated 
techniques are found in B«ger, Sambrook, and Ausubel, as well as MuUis et al. , (1987) 
U.S. Patent No. 4,683,202; PCR Protocols A Guide to Methods and Apptications (Innis 
et al. eds) Academic Press Inc. San Diego, CA (1990) (Innis); Axnheim & Levinson 
(October 1, 1990) CAEN 36-47; The Journal Cf NIH Research (1991) 3, 81-94; (Kwoh 
et al. (1989) Proc. Natl Acad. Sci. USA 86, 1173; GuatelU et al. (1990) Proc. Natl 
Acad. Sci. USA 87, 1874; LomeU et al. (1989) J. Clin. Chem 35, 1826; Landegren et 
al., (1988) Science 241, 1077-1080; Van Brunt (1990) Biotechnology 8, 291-294; Wu 
and Wallace, (1989) Gene 4, 560; and Baninger et al. (1990) Gene 89, 117. Improved 
methods of cloning in litro amplified nuddc acids are described in Wallace et al., U.S. 
Pat. No. 5,426,039. 

Once the nucl^c add for a C6 antibody is isolated and cloned, one may 
express the gme in a variety of recombinantly mgineered cdls known to those of skill in 
the art. Examples of such cells include bacteria, yeast, filamentous fiingi, insect 
(especially employing baculoviral vectors), and mammalian cells. It is expected that 
those of skill in the art are knowledgeable in the numerous expression qrstems available 
for expression of C6 antibodies. 

In brief summary, the expression of natural or synthetic nucldc acids 
encoding C6 antibodies will typically be achieved by opOTbly linking a nucleic acid 
encoding the antibody to a promoter (which is either constitutive or inducible), and 
incorporating the construct into an expression vector. The vectors can be suitable for 
replication and integration in prokaryotes, eukaryotes, or both. Typical cloning vectcm 
contain transcription and translation tmninators, initiation sequences, and promoters 
osefiil for regulation of the expression of the nucldc add encoding the C6 antibody. The 
vectors optionally comprise g^ieric expression cassettes containing at least one 
indep»ident terminator sequence, sequences permitting replication of tiie cassette in botii 
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eukaryotes and prolauyotes, i.e., shuttle vectors, and selection markers for both 
proloryotic and eukaiyotic systems. See Sambroolc 

To obtain high levels of «q«ession of a cloned nucleic add it is common 
to construct «q>iession plasmids which typically contain a strong promoter to direct 
transcription, a ribosome binding site for translational initiation, and a 
transcription/translation terminator. Examples of regulatory regions suitable for this 
puipose in E.COU arc the promoter and operator region of the E. cott tryptophan 
biosynthetic pathway as described by Yanofsky, C. 1984, /. Baaeriol., 158:1018-1024 
and the leftward promoter of phage lambda (P J as described by Herskowitz and Hagen 
1980, Ann. Rev. Genet. . 14:399-t45. n,e inclusion of selection markers in DNA 
vectors transformed in £ CO// is also useful. Examples of such markers include genes 
specifying resistance to ampidllin. tetracycline, or chloramphenicol. See Sambrook for 
details concerning selection markers, e,g,. for use in cott. 

Expression systems for oqaessing C6 antibodies are available usiqg E 
coll. Bacillus sp. (Palva er (1983) Gene 22:229-235; Mosbach ei al., Namn, 
302:543-545 and SabnoneOa. E. cott systems are piefeaed. 

The C6 antibodies produced by prokaryotic cells may require e:qx>sure to 
chaotropic agents for proper folding. During purification from. e.g., E. cott the 
expressed protein is c^tionaDy denatured and then renature^ ITiis is accompHshed. e g 
by solubilizing the bacterially produced antibodies in a chaotropic agent such as ' " 
guanidineHQ. The antibody is then renamred, either by slow dialysis or by gd 
filtration. See, U.S. Patent No. 4,511,503. 

Methods of transfecting and expressing genes in mammalian ceUs are 
known in the art. Transducing ceUs with nucleic acids can involve, for example 
incubating viral vectors containing C6 nucleic acids with cells within the host raiige of 
the vector. See, e.g.. Methods in Enzymology, vol. 185. Academic Press, Inc San 
l>ie80, CA (D.V. Goeddel. ed.) (1990) or M. Krieger. Gene Tranter and Egression - 
A lutboraiory Manual, Stockton Press, New York. NY. (1990) ami die references cited 
tiierdn. 

The culture of cells used in the present invention, including cell lines and 
cultured cells ftom tissue or blood samples is weU known in the art Freshney (CWr««. 
qfAmnua CeUs, a Manual of Basic Techmgue, Mrd edUion Wiley-Liss. New York 
(1994)) and the references cited therein provides a general guide to the culture of ceils 
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Tedmiques for using and manipulating antibodies are found in Coligan 
(1991) current Protocols in Immunology Wil^/Oreene, NY; Hailow and Lane (1989) 
Antibodies: A Laboratory Manual Cold Spring Haxbor Ptess, NY; Stites et al. (eds.) 
Boric and Clinical Immunology (4th ed.) Lange Medical Publicatims, Los Altos, CA, 
5 and referoices cited therdn; Coding (1986) Monoclonal Antibodies: Principles and 
Practice (2d ed.) Academic Press, New York, NY; and Kohler and Milstein (1975) 
Nature 256: 495-497. C6 antibodies which are specific for c-erbB-2 bind c-erbB-2 and 
have a Kq of l^iM or bettw, with prefened embodimoits having a of 1 nM or betto- 
and most preferred embodimoits having a Kq of 0.1 nM or better. 

10 In a prefoied embodiment the C6 antibody gene {eg. C6.S sFv gate) is 

subcloned into the expression vector pUC119Sfi/NotIIismyc, which is Mi«»ntical to Ae 
vector described by Griffiths et al.. EMBO 13: 3245-3260 (1994), (exoq>t for tiie 
elimination of an XBal xestriction site). TUs results in the additicm of a hexa-histidine 
tag at tiie C-tenninal end of the sFv. A pHEN-1 vector DNA containing tiie C6.5 sFv 

15 DNA is prqnied by alkaline lyas miniptq>, digested with Ncol and Nod, and the sFv 
DNA purified on a l.S% agarose gd. The C6 sFv DNA is ligated into 
pUC119Sfil/NotlHismyc digested with Ncol and Nofl and tiie ligation mixture used to 
transform dectrooonqietent E.coli HB2151. For exprcssioa, 200 ml of 2 x TY media 
containing 100 mg/ml ampidllin and 0.1% glucose is inoculated with RcoB H^lSl 

20 harboring tiie C6 gene in pUC119Sfil/NotlHismyc. The culture is grown at 37'>C to an 
A600 nm of 0.8. Soluble sFv is esqnession induced by the addition of IPTG to a final 
amcentiation of 1 mM, and tiie culture is grown at 30** C in a shaker flask overnight 

The C6 sFv may then be harvested from the periplasm using the following 
protocol: Cells are harvested by centrifiigation at 4000 g for 15 min, resuspoided in 10 

25 ml of ice cold 30 mM Tris-HCl pH 8.0. 1 mM EDTA, 20% sucrose, and incubated on 
ice for 20 minutes. The bacteria are then pelleted by coitrifugation at 6000 g for 15 
min. and the "periplasmic firaction" cleared by centrifugation at 30,000g for 20 min. 
The supernatant is then dialyzed overnight at 4°C against 8 L of IMAC loading buffer 
(50 mM sodium phosphate pH 7.5, 500 mM NaQ, 20 mM imidazole) and tiien fUtered 

30 through a 0.2 micron filter. 

In a prefored embodimoit, tiie C6 sFv is purified by IMAC. All steps 
are performed at 4'C. A column containing 2 ml of Ni-NTA resin ((^iagen) is washed 
with 20 nd IMAC cohimn wash baffet (50 mM sodium phosphate pH 7.5, 500 mM 
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Naa, 250 inMiinidazole) and 20 nd of IMAC loading bufifer. The periplasmic 
preparation is then loaded onto the column and the colu™ 

ml IMAC loading buffer and 50 ml IMAC washing buffer (50 mM sodium phosphate pH 
7.5, 500 mM NaQ, 25 mM imidazole). Protean was eluted with 25 ml IMAC elution 
buffer (50 mM sodium phosphate pH 7.5. 500 mM NaCl. 100 mM imidazole) and 4 ml 
fiactions colle«ed. The C6 antibody may be delected by absorbance at 280 nm and sFv 
ftaction eluted. To remove dimeric and aggregated sFv, samples can be concentrated to a 

volume< 1 ml in a Centricon 10 (Amicon) and fractionated on a Superdex 75 column 
using a running buffer of HBS (10 mM Hepes, 150 mM NaCl, pH 7.4). 

The purity of the final preparation may be evaluated by assaying an aliquot 
bySDS-PAGE. Hie protean bands can be detected by Coomassie staining. The 
concentration can then be determined spectrophoujmetrically, assuming that an A^ nm 
of 1.0 cone^nds to an sFv concentration of 0.7 mg/ml . 

1^ n. Mndifiration nf Antihndii* ^, 

A) PCTiflY ftf nirtibodY frawni^ on fh. ^ h«r»ri»phnp^. 

Display of antibody fragments on the surface of viruses which infect 
bacteria (bacteriophage or phage) makes it possible to produce human sFvs with a wide 
range of affinities and kinetic characteristics. To display antibody fragments on the 
surfece of phage (phage display), an antibody fragment gene is inserted into the gene 

encoding a phage surfi«» protein (pno and the antibody fh«meat^m fu^^ 
expressed on the phage sur£ioe (McCafferty et al. (1990) Namm, 348: 552-554- 
Hoogenboom er oL (1991) Nucleic Adds Res., 19: 4133^137). For example a sFv 
gene coding for the V„ and V, domains of an anti-lysozyme antibody (D1.3) was inserted 
mte> the phage gene m resulting in the production of phage with the DI. 3 sFv joined to 
the N-terminus of pin thereby producing a -fusion" phage capable of binding lysozyme 
(McCafferty et al. (1990) Nature, 348: 552-554). 

Since the antibody ftagments on the surface of the phage axe functional 
phage bearing antigen binding antibody fragments can be separated from non-binding or 
lower affinity phage by antigen affinity chromatography (McCafferty et al (1990) 
Nature, 348: 552-554). Mixtures of phage are allowed te> bind to the affinity matrix 
non-binding or lower affinity phage are removed by washing, and bound phage are duted 
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by treatment with add or alkali. Depending on the affinity of the antibody iiagment, 
enriduneiit Actors of 20 fold-1 ,000,000 fold are obtained by single round of affinity 
selectioa. By infecting bacteria with the duted phage, however, more phage can be 
giDMm.and subjected to another round of selection. In this way, an enrichment of 1000 
fold in one round becomes 1,000,000 fold in two rounds of selection (McCafferty et al. 

(1990) Nature. 348: 552-554). Thus, even when enrichm^its in each round are low 
(Marks et al. (1991) J. Mol. Biol. 222: 581-597), multiple rounds of affinity selection 
leads to the isolation of rare phage and tiie genetic material contained within which 
encodes the sequence of the binding antibody. The physical link between genotype and 
phenotype provided by phage display makes it possible to test every member of an 
antibody fragment library for binding to antigen, even with libxaiies as large as 
100,000,000 clones. For example, after multiple rounds of selection on antigoi, a 
binding sFv that occurred with a frequency of only 1/30,000,000 clones was recovered 
(Marks et al. (1991) J. Mol. Biol.. 222: 581-597). 

Analysis of binding is simplified by including an amber codon between the 
antibody fragment gene and gene m. This makes it possible to easUy switch between 
displayed and soluble antibody fragments simply by changiog the host bacterial strain. 
When phage are grown in a supE suppresser strain of £1 coli. the amber stop codon 
between the antibody gene and gene HI is read as giutamine and the antibody fragment is 
displayed on the surface of the phage. When duted phage are used to infect a 
non-supressor strain, the amber codon is read as a stop codon and soluble antibody is 
secreted from the bacteria into the periplasm and culture media (Hoogenboom et al. 

(1991) Nucleic Acids Bes.. 19: 4133-4137). Binding of soluble sFv to antigen can be 
detected, e.g.. by EUSA using a murine IgG monoclonal antibody (e.g.. 9E10) which 
recognizes a C-terminal myc peptide tag on the sFv (Evan et al. (1985) Mol. Cell Biol. 
5: 3610-3616; Munro et al. (1986) Cell. 46: 291-300), e.g.. followed by incubation with 
polyclonal anti-mouse Fc conjugated to horseradish peroxidase. 



B) Phage display can be used to inmasf ^itHt fodv affinftv. 

To create higher affinity antibodies, mutant sFv gene repertories, based on 
the sequence of a binding sFv, are created and expressed on the sur&ce of phage. 
Higher affinity sFvs are selected on antigen as described above and in Examples 1 and 2. 
One approach for creating mutant sFv gene rqiertoiies has been to replace either the V„ 
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or gene iiom a binding sFv with a rqiertoixe of nonimmune V„ or genes (chain 
shuffling) (Oadcson et al. (1991) Nature, 352: 624-628). Such gene repertoires contain 
numerous variable genes derived ftom die same gennline gene as the binding sFv, but 
with point mutations (Maiks et al. (1992) Bio/Technology, 10: 779-783). Using Ught 
chain shuffling and phage display, the binding avidities of a human sFv antibody 
firagment can be dramatiacUy increased. See, e.g.. Marks et al. Bio/Technology, 10: 
779-785 (1992) in which the affinity of a human sFv antibody fragment which bound the 
hapten phenyloxazolone (phox) was increased from 300 nM to 15 nM (20 fold) (Marks et 
al. (1992) Bio/Tedmology, 10: 779-783). 

Q botat i on r tiwracterization of C6.S. » i.»m«« gpy whirl, ^f ,^ 

Isolation and characterization of C6.5 is described in detail in the 
Examples below. Human sFvs which bound to c-erbB-2 were iscdaled by selecting the 
nonimmune human sFv phage antibody library (described in Example 1) on c.erbB-2 
extiaceUular domain pq>tide immobilized on polystyrene. After five rounds of selection, 
45 of 96 clones analyzed (45/96) produced sFv which bound c-eib-B2 by ELISA. 
Restriction fragments analysis and DNA sequencing revealed the presence of two unique 
human SFVS.C4 and C6.5. Both of these sFvs bound only to c-«bB-2 and not to a 
panel of 10 irrelevant antigens. CeU binding assays, however, indicated that only C6.5 
bound c-ert>-B2 expressed on cells, and thus this sFv was selected for further 
diaracterization. 
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To fiuaUtate purification, the C6.5 sFv gene was subcloned into the 
expression vector pUC119 Sfi-NotmycHIS which results in the addition of the myc 
peptide tag followed by a hexahistidine tag at the C-temiinal end of the sFv. The vector 
also encodes the pectate lyase leader sequence which directs expression of the sFv into 
the bacterial periplasm where the leader sequence is cleaved. This makes it possible to 
harvest native properly folded sFv directly from die bacterial periplasm. Native C6.5 
SFv was expressed and purified from the bacterial supernatant using immobilized metal 
affinity chromatography. The yield after purification and gel filtration on a Supeidex 75 
column was 10.5 mg/L. Other C6 antibodies may be purified in a similar manner. 
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E> Measurement of Clt.5 affinity f nr «s«>rbll-2. 

As explained above, sdectkm for increased avidity involves measuring the 
affinity of a C6 antibody (e.g. a modified C6.S) for c-ert>B-2. Mediods of mairing such 
measumnaits aie described in detail in Examples 1 and 2. Briefly, for example, the 
5 of C6.S and the Idn^cs of binding to c-eibB-2 were determined in a BIAcore, a 

biosensor based on sur£ace plasmon resonance. For ttiis technique, antigen is coupled to 
a derivalized ssisor diip capable of detecting changes in mass. Whai antibody is passed 
ov« die soisor chip, antibody binds to the antigen resulting in an increase in mass which 
is quantifiable. Measuremoit of the rate of association as a function of antibody 

10 concoitration can be used to calculate the assodation rate constant (k^. After the 

association phase, buffer is passed over the chip and the rate of dissociation of antibody 
(krft) determined. Rate constant k^, is typically measured in the range 1.0 x 10^ to 5.0 x 
10* and krff in the range 1.0 x la* to 1.0 x 10*. The equilibrium constant is often 
calculated as Wk. and thus is typically measured in tiie range 10"* to 10"". Affinities 

IS measured in this manner corrdate wdl with affinities measured in solution by 
fluorescence quench tttzation. 



F) Affinitv of C6.S fnr e^JLA. 

The kinetics of binding and affinity of purified C6.5 were determined by 
BIAcore and the results are shown in Table 2. The of 1.6 x 10* M detennined by 
BIAcore is in dose agreemoit to the Kd detmnined by Scatchaid analysis after 
radioiodination (2.0 X 10^ M). C6.5 has a rapid k., and a relatively nqxid k;,^. The 

Ku COTielales with the in vitro measuremoit that only 22% of an injected dose is 
retained on the surfoce of SK-OV-3 cdls aft» 30 minutes. Biodistribution of C6.5 was 
detennined and the percent injected dose/gm tumor at 24 hours was 1.1 % with 
tumor/organ ratios of 5.6 for kidn^ and 103 for bone. These values compare favorably 
to values obtained for 741F8 sFv. 741F8 is a monoclonal antibody capable of binding c- 
eibB-2 (see, e.g., U.S. Patent 5,169,774). The of 741F8 was also measured by 
BIAcore and agreed with the value detennined by scatchard analyas (Table 1). 
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Table 1 Characterization of aiiti-cerbB-2 sFV species. Characteristics of the murine 
anti-c-erbB-2 sFv, 741F8, and the human sFv C6.5 are compared. The affinity and 
dissociation constants were detomined by Scatchaid plot analyas, unless othmvise 
5 stated. Dissociation from c-eibB-2 positive (SK-OV-3) cells was measured in an in vitro 
live cell assay. The percentage of injected dose per gram (%ID/g) tumor and tumor to 
organ ratios were determined in biodistributton studies performed in sqnrate groups of 
sdd mice (n^ 10-14) bearing SK-OV-3 tumors overexpressing c-eifoB-2. SEM are 
<35% of the asso ci a t e d values, a » significantly improved 0P<O.QS) comnared to 
10 741F8 sFv. *^ 





Parameter 








(iUAcore) 


2.6x10^ M 


1.6x10* M 




&4 (oCaxciiara} 


5.4x10^ M 


2.1x10* M 




IkQB XjlXmAQXjSK) 


2.4xl(r M *s * 


4.0x10* M * s-' 




1r /DTAr*rkVA\ 

K^ff v-DiAcore^ 


6.4xlCr^ s 


6.3x10-' s * 




ro oooix^i atoQ wiui ceil surtace ax 
IS min 


32.7% 


60.6% 


Oil 


% asscxdated with cell sur&ce at 
.^u imn 


8.6% 


22.2% 




%ID/g Tumor 


0.8 


1.0 




T:Blood 


14.7 


22.9 




TiKidney 


2.8 


S.6a 




Trliver 


14.2 


22.3 


25 


TrSpleoi 


10.3 


34.1 




T:Intestine 


25.0 


29.7 




T:Liing 


9.4 


15.8 




TrStomach 


8.9 


11.1 




T:Muscle 


78.8 


158.7 


30 


T:Bone 


30.0 


102.7 



These results show that a human sFv which binds specifically to c-eibB-2 
with moderate affinity was been produced. The sFv esqiresses at high level in E. coli as 
native sFv, and can be easily purified in high yield in two steps. Techniques are known 
for the rapid and efficioitly purification of sFv from the bacterial poiplasm and to 
measure affiniQr without the need for labeling. 
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fi) rrfft^F"^tf n*' ^^ft stfTmitv of utiimriTied sFV for c-eri>B>2, 

Phage display and selection graerally results in the selection of higher 
affinity mutant sFvs ^larks ei dl. (1992) Bio/Technology, 10: 779-783; Hawkins e$ cl. 

(1992) J. Mol. Biol 226: 889-896; Riechmann et dl. (1993) Biochemistry, 32: 8848- 

5 88S5; Clackson et al. (1991) Nature, 352: 624-628), but probably does not result in the 
separation of mutants with less than a 6 fold difference in afiSnity (Riechmann et al. 

(1993) Biochemistry, 32: 8848-8855). Thus a rs^id method is needed to estimate the 
relative affinities of mutant sFvs isokited after selection. Since increased affinity results 
primarily from a reduction in the k^, measurement of k^fr should identify higher affinity 

10 sFv. koir can be measured in the BLkcore on unpurified sFv in bacterial periplasm, since 
expression levels are high enough to give an adequate binding signal and 1^ is 
independent of concentration. The value of for periplasmic and purified sFv is in 
dose agreement (Table 2). 

15 Table 2. Comparison of k^^r detmnined on sFv in bacterial perqdasm and after 
purification by IMAC and gel filtration, 



sFv 


lw(s-') 


C6-S pmplasm 


5.7 X la' 


C6-5 purified 


6.3 X la' 


C6-Sala3 periplasm 


9.3 X la' 


C6-Sala3 purified 


1.5 X 


C6-5alal0 periplasm 


3.7 X 10-' 


C6-Salal0 purified 


4.1 X 10* 



Ranking of sFv by and hmce relative affinity, can be detCTnined 
without purification. Determination of relative affinity without purification significantly 
inoeases the rate at which mutant sFv are characterized, and reduces the number of 
mutant sFv subcloned and purified which do not show improved binding characteristics 
30 over C6.5 {see results of light chain shuffling and randomization bdow). 



Increasing the affinity of C6>5 bv rfiflln ^hpffling 

To alter the affinity of C6,5, a mutant sFv g«ie rq)ertoire was created 
containing the VH gene of C6.5 and a human VL gme repertoire (light chain shuffling). 
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Ihed'v gene i^KSTtoiiewBclcmed into the irf^ (Hoogenboom 
et al. (1991) Nudeic Adds Bes., 19: 4133-1137) and after transformation a Ubxary of 2 x 

10* tnuisficmnams was obtained. Phage were prq»red and concentrated as described in 
Example 1 or 2. 

Selections were perfonned by incubating the phage with biotinylated 
c-erbB-2 in solution. Hie antigen concentration was decreased each round, reaching a 
concentration less than the desired K, by the final rounds of selection. This results in the 
selection of phage on the basis of affinity (Hawkins et al. (1992) J. Mol. Biol. 226: 
889-896). After four rounds of selection, 62/90 clones analyzed produced sFv which 
bound c-erbB-2 by ELK A. Single chain Fv was expressed from 48 ELISA positive 
clones (24 from the 3rd round of selection and 24 from the 4Ui round of selection), tite 
periplasm harvested, and die sFv determined by BIAcore. Sii»gle<hain Fvs W(^ 
identified witii a tiiree times slower tiian C6.5. The light chain gene of 10 of tiiese 
sFvs was sequenced. One unique Ught chain was identified, C6L1. TTus sFv was 
subcloned into tiie hexahistidine vector, and eiqnessed sFv purified by IMAC and gel 
filtration. Affinity was determined by BIAcoie (Mile 3). 

^Ie3. Affinity and kinetics of binding of C6.5 light and heavy chain shuffled mutant 



sFv clone 


Ka(M) 


k„ (M-» s-») 


k-r(sr>) 


C6.5 


1.6 X ia» 


4.0 X 10* 


6.3 X ia» 


C6L1 (Ught chain shuffle) 


2.6 X 10* 


7.8 X 10* 


2.0 X 10-^ 


C6VHB-4 (heavy chain shuffie) 


4.8 X 10-' 


1.25 X 10» 


6.0 X 10-' 


C6VHC (heavy chain riiuffle) 


3.1 X lO* 


8.4 X 10* 


2.6 X 10-' 



For heavy chain shuffling, die C6.5 VH CDR3 and light chain were 
cloned into a vector containing a human VH gene repertoire to create a phage antibody 
Hbrary of 1 x 10> transformants. Selections were performed on biotinylated c-erbB-2 and 
after four rounds of selection, 82/90 clones analyzed produced sFv which bound c^B-2 
by EUS A- SFv was expressed firom 24 EUSA positive clones (24 from the 3rd round of 
selection and 24 from die 4tii round of selection), the periplasm harvested, and ti« sFv 

determined by BIAcore. Two clones were identified which had slower tium C6.5 
(C6VHB^ and C6VHC^). Botii of ti«se were subcloned, purified, and affinities 
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determined by BlAcore (Table 3). The a£fiiiity of C6.S was increased 5 fold by heavy 
chain shuffling and 6 fold by light diain shufiOing. 

D Increasing the affinitv of C6-5 bv site directed miitageiMjsis of th«. third 



die conqd«nentarity determining regions (CDRs), three in the Vh (CDRl, CDR2, and 
CDR3) and three in the Vj. (CDRl, CDR2, and CDR3) (Chothia et al. (1987) /. MoL 
Biol. ,196: 901-917; Chothia et al. (1986) Science, 233: 755-8; Nhan et al. (1991) J. 

10 Mol. Biol., 217: 133-151). These residues contribute the majority of binding energetics 
lespmsible for antibody affinity for antigoi. In other molecules, mutating amino adds 
whidi contact ligand has been shown to be an ^ective means of increasing the affinity 
of one protdn molecule for its binding partner (Lowman et al. (1993) J. Mol. Biol,. 234: 
564-578; Wdls (1990) Biodtemistry, 29: 8509-8516). Thus mutatimi (randomizatimi) of 

15 the CDRs and screoiing against c-erbB-2 may be used to generate C6 antibodies having 
improved binding affinity. 



add residues located in VL CDR3 (residues 89-95b, numbering according to Kabat er al. 
(1987) sigrra. ; Table 2). woe partially randomized by synthesiang a *doped' 

20 oligonucleotide in which the wild type nucleotide occurred widi a frequency of 49%. 

Hie oligonucleotide was used to anqilify the remainder of tiie C6.5 sFv gme using PCR. 
The resulting sFv gene rqiertoire was cloned into pCANTABSE (Pharmacia) to create a 
phage antibody libraiy of 1 x lO' transformants. Hie mutant phage antibody library was 
designated C6VLCDR3. 

25 Selection of die C6.5 mutant VL CDR3 library (C6VLCDR3) was 

praformed on biotinylated c-«bB-2 as described above for light chain shuffling. After 
three rounds of selection 82/92 clones analyzed produced sFv which bound c-erbB-2 by 
ELISA and after 4 rounds of selection, 92/92 clones analyzed produced sFv which bound 
c-«rbB-2. Single-chain Fv was expressed ftom 24 ELISA positive clones from the 3rd 

30 and 4th rounds of selection, tiie periplasm harvested, and the k;,^, detotnined by BlAcore. 
The best clones had a approximately 5 to 10 times slower than that of C6.5. The 
light chain genes of 12 sFvs with die slowest Is^ times from die 3nl and fourth round of 
sdection woe sequenced and each unique sFv subcloned into pUC119 Sfi-NotmycHis. 



5 



cpRnffth«> tight yiinfn. 

The majority of antigoi contacting amino add side chains are located in 



For «anq}le, to increase the affinity of C6.5 for c-erbB-2, nine amino 
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Single-chain Fv was e^nessed, purified by IMAC and gel liltxation, and sFv afiinity and 
binding kinetics d^omined by BlAcore (Table 4). Mutant sFv were iHwirifi«vi with 16 
fold increased afBniQr for c-eibB-2. 



10 



15 



20 



Table 4. Amino add sequence, affinity, and binding kinetics of sFv isolated from a 
library of C6.S mutants. Table identified mutants isolated after the third and fourth 
rounds of selection. The entire VL CDR3 of C6.5 is shown witfi the residues subjected 
to mutagenesis (89-95b) underlined. Rate constants k. and were measured on 
purified and gel filtered sFv by SPR in a BIAcore and tiie Kd calculated. A hyphen 



sFv clone 


Vj, CDR3 
sequence 


JSl (M) 






C6.5 


8 9 9 

9 Sab 7 
AAWDDSLSGWV 


1.6 X 10~® 


4.0 X 10^ 


6.3 X 10"3 


3rd Round < 


it ••laetion: 






C6ML3-5 




3.2 X 10"® 


5.9 X 10^ 


1.9 X 10"^ 


C6NL3-2 




2.8 X 10"' 


7.1 X 10^ 


2.0 X 10"^ 


C6ML3»6 




3.2 X 10-5 


5.9 X 10® 


1.9 X 10*3 


C6ML3-1 




6.7 X 10-5 


3.0 X 10* 


2.0 X 10~3 




-T — YA 


4.3 X 10"' 


4.6 X 10* 


2.0 X 10"^ 


uonjjj— / 


YAV 


2.6 X 10"' 


6.5 X 10* 


1.7 X 10"3 


C6ML3-4 


-S-EY — 


3.5 X 10"' 


4.0 X 10* 


1.4 X 10 


4'th Round c 


it selection: 




C6ML3-12 


Y-R 


1.6 X 10"' 


4.5 X lO* 


7.2 X 10"^ 


C6ML3-9 


-S — YT 


1.0 X 10"' 


6.1 X 10* 


9.2 X 10~* 


C6ML3-10 


E-PWY 


2.3 X 10"' 


6.1 X 10* 


1.4 X 10-3 


C6KL3-11 


YA-W 


3.6 X 10"' 


6.1 X 10* 


2.2 X 10"3 


C6KL3-13 


AT-W 


2.4 X 10"' 


8.7 X 10* 


2.1 X 10~3 


C6ML3-8 


HLRXH 


2.6 X 10"' 


6.5 X 10* 


1.7 X 10"3 


C6ML3-23 


-S — H — 


1.5 X 10"' 


6.7 X 10* 


1.7 X 10"3 


C6ML3-19 


-S — ^RP-W 


1.5 X 10"' 


6.7 X 10* 


1.0 X 10-3 


C6ML3-29 


6T-W 


2.7 X IQ-' 


12.9 X 10* 


2.2 X 10"3 


C6ML3-15 


RP-W 


2.2 X 10"' 


5.9 X 10* 


1.3 X 10"3 


C6HL3-14 


P-W 


1.0 X 10"' 


7.7 X 10* 


7.7 X 10"* 



25 



30 



35 
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Paitial zandoinization of a single CDR (Vl CDR3) resulted in the creation 
of mutant sFvs with 16 fold higher affinity for c-eibB-2, inrii^iring that CDR 
randomization is an effective means of creating higher affinity sFv. The results also 
show that the method of selecting and identifying higher afiSnity sFv by reducing soluble 
antigen concentration during selections and screening periplasms by BIAcore prior to 
sequencing, subcloning and purification provides an effective way to isolate high affinity 
antibodies. 



J) Crartlpq Qf C6.S (sFV'), and feFVK hofnnrfim«>rc .n d effect nn nffintty a ^tf 
10 binding kinetics for eerhlU2. 

To create C6 (&Fv% antibodies, two C6 sFvs are joined through a 
disulfide bond, or linker {e.g. , a carbon linker) between the two cysteines. To create C6 
(sFv)2, two C6 sFv are joined direcUy through a peptide bond or through a peptide 
linker. Thus, for example, to create disulfide linked C6.5 sPv% a cysteine residue was 
15 introduced by site directed mutagenesis between the myc tag and hexahistidine tag at the 
carboxy-terminus of C6.5. Introduction of the correct sequence was verified by DNA 
sequencing. The construct is in pUC119, die pdB leader directs eiquessed sFv* to the 
periplasm and cloning sites (Ncol and Nofl) exist to introduce C6.5 mutant sFv\ Hus 
vector is called pUC119/C6.5mycCysffis. Bqiressed sFV has the myc tag at the 

20 C-tenninus, followed by 2 glycines, a cysteine, and then 6 histidines to &cilitate 
purification by IMAC. After disulfide bond formation between tiie two cysteine 
residues, the two sFv' are separated from each other by 26 amino adds (two 11 amino 
add myc tags and 4 glycines). An sPv* was expressed ftom tiiis construa, purified by 
IMAC, and analyzed by gel filtration. The majority of the sFv* was monomeric. To 

25 produce (sFv')a dimers, die cysteine was reduced by incubation with 1 MM 

beta-mercaptoedianol, and half of the sFv' blocked by the addition of DTNB. Blocked 
and unblocked sFv»s were incubated together to form (sFv')j and die resulting material 
analyzed by gel filtration. 50% of die monomer was converted to (sFv'), homodimer as 
<ietermined by gel filtration and nonreducing polyacrylamide gel electrophoresis. The 

30 affinity of tiie C6.5 sFv' monomer and (sFv')2 dimer were determined by BIAcore 

(Table 5). Tlie apparent affinity (avidity) of C6.5 increases 40 fold when converted to 
an (sFv')2 homodimer. 
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Table S> Affinities and binding kinetics of C6.S sFv and C6.5 (sFv')^ 



Clone 




k„ (M-V») 




C6.5 monomer 


1.6 X 10* 


4.0 X 10* 


6.3 X 10^ 


C6.S dimer 


4.0 X 10-" 


6.7 X 10* 


2.7 X 10^ 



The C6.S (sPv*)2 «hibits a significant avidity effect conqnred to the sFv. 
Thus, tills approaeti increases antibody fragment affinity, while remaiiiiiig below die 
xenal tiireshidd for excretion. 

In a particulaily piefened embodiment, tfie (sFV), dimer is eiqnessed as a 
diabody (Holliger et aL (1993) Prvc. NatL Acad. Sd. USA, 90: 6444-6448; and WO 
94/13804). This yidds a bivalent molecule consisting of two C6.S sFv polypeptide 
dains, since the VH and VL on die same peptide chain cannot pair. The production of 
a pqitide linked C6.5 diabody is described in Example 5, below. In this example, the 
peptide hnkset sequence between the VH and VL domains was shortened ftom 15 amino 
adds to 5 amino adds. Synthetic oligonucleotides encoding the 5 amino add linker 
(G4S) were used to PGR ampUfy the C6.5 V„ and genes which were then spUced 
together to create the C6.5 diabody gene. The gene was then cloned into an appropriate 
vector, expressed, and purified according to standard methods well known to those of 
skill in the art. In another preferred embodimoit, the (sFv)2 dimw is pioduced using a 
longer pq)tide liner that permits the Vh and VI to pair, yielding a single polypq>tide 
chain with two C6 binding sites. 



25 



30 



K) Effect of sFv afTuutv on in vtro cell hinAi« p and in vivo biodfatrilmrinii. 
As described in the preceding section, chain-shuffled and point-mutation 
variants of C6.5 have been ptepaied with ranging from 1.0 x 10-* M to 1.0 x 10-» M. 
The mutant sFv have been used to examine the effects of binding affinity and kinetics on 
in vitro cell binding and on 01 vivo biodistribution. Cell surface letmticm assays 
dononsttate that high« affinity sFv are retained to a much greatra- extent than k>ww 
affinity sFv. For sFv of approximatdy the same affinity, sFv with slower k^i are better 
retained on tiie cell surface. In competitive binding assays, all of tiie molecules comp^ 
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in a dose dependent fiishion with biotinylated C6.5 for c-eibB-2 on the surface of SK- 
BR-3 oelis. 

Twmty four hour biodistribution studies were performed in scid 
micebearing sx. SK-OV-3 tumors to examine the role of affinity in the specificity and 
5 degree of tumorretention. These assays employed "*I-labeled forms of C6-5, C6G98A, 
C6ML3-9 and a negative control sFv at a dose of 25 mg. The c-erbB-2-specific sFv 
were selected to provide the following stepwise increase in affinity; C6G98A (3.2 x 
10r\ C6.5 (1.6 X lO*) and C6ML3-9 (1.0 x 10^. The biodistribution studies revealed a 
close correlation between the affinity and the %n>/g of the radioiodinated sFv retained in 

10 tumor. The greatest degree of tumor retention was observed with ^^I-C6ML3-9 (1.42 ± 
0.23 %ID/g). Significantly less tumor retention was achieved with ^"I-C6.5 (0.80 ± 
0.07 %ID/g) (p=0.0306). Finally, the tumor retention of the lowest affinity clone 
C6G98A (0.19 ± 0.04 %ID/g) was significantly less than that of C6.5 (p^O.OOOOl) and 
was idmtical to that of the negative control ^^-26-10. The T:0 ratios also refiected the 

IS greater retmtion of higher-afBnity species in tumor. For «ample, tumonblood ratios of 
17.2, 13.3, 3.S and 2.6, and tumor to Uver ratios of 26.2, 19.8, 4.0 and 3.1 were 
observed for C6ML3-9, C6.S, C6G98A and 26-10, respectively. 

These results demonstrate that selective tumor retention of sFv molecules 
correlates with thdr affinity properties. With further increases in affinity, additional 

20 improvemmits in tumor retention are observed. 



L) Approach to produce higher flfifiiiify hn miiii cfy, 

As described above and in Examples 1 and 2, a C6 antibody (e.g. C6.S 
sFv), which binds specifically to c-erbB-2, is expressed at high level in E. coli as native 

25 pTotdn, and can be simply purified in high yield. Optimized techniques for creating 
large C6.5 mutant phage antibody libraries and developed techniques for efficientiy 
selecting higher affinity mutants from these libraries are provided. These techniques 
were used to increase C6.5 affinity 16 fold, to 1.0 x la' M, by randomizing Vl CDR3, 
and S and 6 fold by heavy and light chain shuffling respectively. 

30 To further increase affinity, mutant C6.S phage antibody libraries can be 

created where die other CDRs are randomized (Vl CDRl and CDR2 and Vh CDRl, 
CDR2 and CDR3). Each CDR is randomized in a separate library, using, for example, 
C6ML3-9 as a template (K^ = 1.0 x 10"' M). In a preferred embodiment, CDRs can be 
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sequentially nmdomized, using the highest afBnity sFv as the template for tiie next round 
of mutagenesis. This approach would be prefened when mutating CDRs that padc on 
each other, for example VL and VH CDR3. In another embodiment, CDRs could be 
mutated in parallel, and mutations combined to achieve an additive effect on affinity. 
This appioadi has been used to increase the affiniQr of human growdi hormone (hGH) 
for tiie growth hormmie receptor over 1500 fcM from 3.4 x lO"** to 9.0 x lO"" M 
(Lowman et al. (1993) J. Mol. Biol., 234: 564-578. 

Vh CDR3 occupies the center of the binding pocket, and thus mutations in 
this region are likely to result in an increase in affinity (Clackson et al. (1995) Science, 
267: 383-386). In one embodiment, four V„ CDR3 residues at a time are randomized 
using the nucleotides NNS. To create the library, an oligonucleotide is synthesized 
which anneals to the C6.5 Vh ftamework 3 and encodes V„ CDR3 and a portion of 
framework 4. At the four positions to be randomized, the sequence NNS is used, where 
N = any of the 4 nucleotides, andS = Cor T. The oligonucleotide are used to ampBfy 
15 the C6.5 Vg gene using PCR, creating a mutant C6.5 VH gene tepatxntc PCR is used 
to splice the VH gene repertoire with the C6ML3-9 light chain gene, and the resulting 
sFv gene repertoire cloned into the phage display vector pHEN-1. Ligated vector DNA 
is used to transform dectrocompetent KcoUto produce a phage antibody library of > 
1.0 X 10^ clones. 

To select higher affinity mutant sFv, each round of selection of the phage 
antibody libraries is conducted on decreasing amounts of biotinylated c-erbB-2, as 
described in the Examples. Tyirically, 96 clones from the third and fourth round of 
selection are screened for binding to c^B.2 by ELISA on 96 weU plates. Singlechain 
Fv fiom twenty to forty EUSA positive clones are expressed in 10 ml cultures, the 
25 Perqriasm harvested, and the SFv ki„ determined by BIAcore. Qones with the slowest 
Kg are sequenced, and each unique sFv subcloned into pUC119 SfiNotmycHis. Single 
diain Fv is expressed in IL cultures, and purified as described a^ra. Affinities of 
purified sFv are determined by BIAcore. Randomization of one four amino add segment 
of Vh CDR3 produces a C6 mutant witfi a of 1.6 x ia»» M (see Example 3). 

30 



20 
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M) In vitro cell bindinp assays, in vivo phammcokmctic and biodlstribution 
studies . 

Once higha affinity sFv's are identified, production is scaled up to 
provide adequate matecial for in vino cdl binding assays and in vivo pharmacokinetic 
S and biodistribution studies. Techniques for scaling up production are known. Briefly, in 
one embodiment, sFv is expressed in £1 coli cultures grown in 2 liter shaker flasks. 
Single-chain Fv is purified from the periplasm as described above and in Examples 1 and 
2. Mutant sFv of higher affinity are tested using the cell retention assay described in 
Examples 1 and 2. Since the of retmtion should be approximately two hours whm 

10 koir is less than 10^, the assay is done at 30, 60, 120, 240 minutes and 18 hour 
incubations. Scatchard analyses may be performed on selected samples. 

These studies show that affinities measured in the BlAcore on immobilized 
antigm correspond to improved cell binding. The pharmacokinetic and biodistribution 
properties of sFv molecules with broadly different affinity characteristics are secerned 

15 using labeled sFv and sdd mice bearing human SK-OV-3 tumors. This serves to identify 
molecules with in vivo properties that make them unsuitable for use as therq>eutics i.e., 
un^q)ected aggregation, or unaccqptable normal organ retention properties. 

Twoity four hour biodistribution results are convenimt indicators of 
ovoall biodistribution prcqserties. C6 antibodies, for example C6.S mutants, with 

20 affinities between 1.6 x 10^ M and 1.0 x 10*" M, and which differ at least 3 to 4 fold in 
affinity, are screwed. Mutants with similar Kd but with dissim ilflr k;^ are also studied. 
A number of C6.S series affinity variants are tested and more extensive biodistribution 
studies performed on molecules that differ significantiy from C6.S or the nearest affinity 
variant in 24 hour biodistribution characteristics. These data are used to gmerate 

2S tissue-specific AUG determinations, as weU as tumorrnormal organ AUG ratios and 
MIRD estimates. 

Sample molecules associated with favorable predicted human dosimetry 
{e.g., based upon the MIRD formulation) are assayed for their in vivo thers^utic 
efficacy in mice. 

30 An affinity of 1.0 x 10"" can be chosra as an midpoint in this preferred 

embodiment because the associated k^ {IQr^) results in a tv2 for dissociation from tumor 
of greater than 20 hours. Higher affinity midpoints can be selected and result in even 
longer retmtion. The tv2 for dissociation of G6.S is approximately 3 minutes. This 
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invention provides optimized techniques for creating large C6.5 mutant phage antibody 
libraries and techniques for efiOdendy selecting higher affinity mutants from diese 
libraries. A number of C6.5 mutants with affinities between 1.6 x 10* M to 1.0 x ia«« 

Mareprovided. Combiniiig these mutations into die same sFv produces sFv mutants 
with Kd between 1.6 x 10-**^M and 3.3 x 10"" M. 

C6 antibodies such as C6.5 sFv, or a variant with higher affinity, are 
suitable templates for creating size and valency variants. For example, a C6.5 (sFV), is 
created from the parent sFv as described above and in Example 1. An sFV can be 
created by excising teh sFv gene, e.g., with Ncol and Nod from pHEN-1 or pUC119 
Sfi-NotmycHis and cloned into pUC119C6.5mycCysHis, cut wifli Ncol and NoU. In one 
embodiment, expressed sFV has a myc tag at the C-termimis, followed by 2 glycines, a 
cysteine, and 6 histidines to fadUtate purification. After disulfide bond formation 
between the two cysteme residues, die two sFv should be sqarated from each ofl«^ 
26 amino adds (c^r.. two 11 amino add myc tags and 4 glycines). SFv is wqaessed 
from Uus construct and purified. To pioduce (sFv»)2 dimers. the cysteine is reduced by 
mcubation with 1 Mm beta-mercaptoedanol, ami half of the sFv blodced by d» addition 
of DTNB. Blocked and unblodced sFv are incubated togedier to form (sFV)2. whidi is 
punfied. This ;q^h was used to pioduce C6.5 (sFV)2 dimer, whidi demonstrates a 
40 fold higher affinity ti«nC6.5. A (sFv')2 may be constructed for example, from 
C6Ll(K, = 2.5xia»M)andC6ML3^(K, = 1.0xia»M). As higher affinity sFv 
become available, tiidr genes are similarly used to construct (sFV),. 

Alternatively, C6 (sFv), can be produced by Uniting die two sFv by a 
peptide, as described in Example 5. As higher affinity sFv become available didr genes 
can be used to construct higher affinity (sFv)2. 

C6.5 based Fab are expressed in E. coli using an expression vector similar 
to the one described by Better er. al. (Better er al. (1988) Science. 240: 1041-1043) To 

create a C6.5 based Fab. die VH and VL genes are amplified from tile SFv using PGR 
The VH gene is doned into a PUC 1 1 9 based baderial expression vector whidi provides 

the humanIgG CHI domain downstream from, and in frame widi,fl«V„ gene. The 
vedor also contains die lac promoter, apdb leader sequence to direct expressed V^CHl 
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domain into the poiplasm, a gene 3 leader sequence to direct expressed light diain into 
the periplasm, and cloning sites for the light chain gene. Clones containing the coirect 
VH gene are identified, e.g., by PGR fingeqmnting. The Vl gene is spliced to the Cl 
gene using PCR and cloned into the vector ccmtaining the Vh CHI gme. 

m. Prenaration of diimnrir Moleeules . 

In anotho- embodimoit this invention provides for chimeric molecules 
comprising a C6 antibody attached to an effector molecule. As explained above, the 
effector molecule component of the chimeric molecules of this invention may be any 
molecule whose activity it is desired to d^ver to cells that express c-erbB-2. Suitable 
effector molecules include cytotoxins such as PE, Ridn, Abrin or DT, radionuclides, 
ligands such as growth fectors, antibodies, detectable labels such as fiuoiescait or 
radioactive labels, and thoapeutic con^msitions such as liposomes and various drugs. 

A) CYtfftpyins, 

Particularly preferred cytotoxins include Pseudmnonas exotoxins. 
Diphtheria tmins, lian, and abrin. ^eudammua exotoxin and DqfOueria toxin, in 
particular, are frequentiy used in dtimoic cytotajsins. 

Pseudomonas exotoxin A (I^ is an extremely active monomeric protein 
(molecular weight 66 KD), secreted by Pseudomonas aeruginosa, which inhibits protein 
synthesis in eukaryotic cells through the inactivation of elongation factor 2 (EF-2) by 
catalyzing its ADP-ribosylation (catalyzing die transfer of the ADP ribosyl moiety of 
(nddized NAD onto EF-2). 

Hie toxin contains three structural domains that act in conceit to cause 
cytotoxicity. Domain la (amino acids 1-252) mediates ceU binding. Domain n (amino 
adds 253-364) is responsible for translocation into the cytosol and domain m (amino 
acids 400-613) mediates ADP ribosylation of elongation factor 2, which inactivates the 
protein and causes ceU death. The function of domain lb (amino acids 365-399) remains 
undefined, altiiough a large part of it, amino acids 365-380, can be ddeied witi»out loss 
of cytotoxicity. See SiegaU etal.,J. Biol. Otem. 264: 142S6-14261 (1989). 
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For maximum cytotoxic properties of a preferred PE molecule, several 
modifications to the molecule are recommended. An !q)pn)priate caiboxyl tenninal 
sequence to the recombinant molecule is prefened to translocate the molecule into ttie 
cytostA of taiget cdls. Amino add sequences which have been found to be effective 
include, REDLK (as in native PE), REDL, RDEL, or KDEL, iqieats of those, or other 
sequences that function to maintain or recycle proteins into the endoplasmic reticulum, 
referred to here as "endoplasmic retention sequences". See, for example, Chaudhary et 
al, Proc. Natl Acad. Sci. USA 87:308-312 and Seethaiam et al, J. Biol. Oiem. 266: 
17376-17381 (1991). 

The targeting molecule can be inserted in replacement for domain la. A 
similar insertion has been accomplished in what is known as the TGFa-PE40 molecule 
(also referred to as TP40) described in Heimbrook et al„ Proc. Natl. Acad. Sd., USA, 
87: 4697-4701 (1990). See also, Debinsld et al. Biocoiy. Chem., 5: 40 (1994) for other 
PE variants). 

The PE molecules can be fused to the C6 antibody by recombinant means. 
The genes encoding protein chains may be cloned in cDNA or in genomic form by any 
cloning procedure known to those skilled in the art. See for example Sambrook et al.. 
Molecular dorung: A Laboratory Manual, Cold Spring Harbor Laboratory, (1989). 
Methods of cloning genes encoding PE fused to various ligands are wdl known to those 
of skill in the art See. for example, Sie^all et al.. FASEB J., 3: 2647-2652 (1989); 
Chaudhary et al. Proc. Natl. Acad. Sd. USA, 84: 4538-4542 (1987). 

Those skiUed in the art wiU realize that additional modifications, deletions, 
insertions and the like may be made to the chimeric molecules of the present invention or 
to the nucleic add sequences encodiiig the C6 diimetic molecules. Especially, deletions 
or changes may be made in PE or in a linker connecting an antibody gene to PE, in 
order to increase cytotoxidty of die fiiaon protein toward target ceUs or to decrease 
nonspecific cytotoxidty toward cells witiiout antigen for tiie antibody. All such 
constructions may be made by methods of genetic engineering well known to tiiose 
skilled in tiie art (see, generally, Sambrook et al., supra) and may produce proteins that 
have differing properties of affinity, specifidty. stabiUty and toxicity tiiat make tiiem 
particularly suitable for various clinical or biological applications. 
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in Dinhthi^rifl tnvifi mj) 

like PE» diphtheria toxin (DT) kills cdls by ADP-ribosylating elongation 
factor 2 (EF-2) thereby inhibiting protein synthesis. Diphtheria toxin, howevw , is 
divided into two chains, A and B, linked by a disulfide bridge. In contrast to P£, chain 
B of DT, which is on the carboxyl end, is responsible for receptor binding and chain A, 
which is present on the amino »d, contains the enzymatic activity (Uchida et al. , 
Science, 175: 901-903 (1972); Uchida a al. J. Biol. Chem., 248: 3838-3844 (1973)). 

The targeting molecule-Diphtheria toxin fusion proteins of this invention 
may have the native receptor-binding domain removed by truncation of the Diphtheria 
toxin B chain. DT388, a DT in which the carboxyl tmninal sequmce beginning at 
residue 389 is removed is illustrated in Chaudhary, e( al., Bioch. Biophys. Res. Comm., 
180: 545-551 (1991). 

like the PE chimeric cytotoxins, the DT molecules may be chemically 
conjugated to the C6 antibody but, may also be prqxued as fusion proteins by 
recombinant means. The genes encoding protein chains may be cloned in cDNA or in 
genomic form by any cloning procedure known to those skilled in die art. Methods of 
Zoning genes encoding DT fiised to various ligands are also well known to diose of skill 
in the art. See, for example, Williams et al. J. Biol. Oiem. 265: 11885-11889 (1990) 
which describes the expression of growth-£actor-DT fusion proteins. 

The term "Diphthoia toxin" (DT) as used heron refa:s to fiill length 
nadve DT or to a DT that has been modified. Modifications typically include removal of 
the targeting domain in the B chain and, more specifically, involve truncations of the 
carboxyl region of the B chain. 



Detectable labels suitable for use as the effector molecule componoit of 
the chimeric molecules of this invention include any composition detectable by 
spectroscopic, photochemical, biochemical, immunochemical, electrical, optical or 
chemical means. Useful labels in the present invention include magnetic beads {e.g. 
Dynabeads™), fluorescent dyes {e.g., fluorescein isotiuocyanate, texas red, rhodamme, 
green fluorescent protein, and die like), radiolabels (e.g., ^H, ^^S, ^*C, or ^^), 
enzymes {e.g. , horse radish peroxidase, alkaline phosphatase and others commonly used 
in an ELISA), and colorimetric labels such as colloidal gold or colored glass or plastic 
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{e.g. polyslyiBne, polypropylene, latex, etc.) beads. Patents teaching the use of such 
labels include U.S. Patent Nos. 3,817,837; 3.850,752; 3,939.350; 3,996.345; 4,277,437; 
4,275,149; and 4,366,241. 

Means of detecting such labels axe weU known to those of skill in the art. 
nius, for example, xadiolabels may be detected using photographic film or scintillation 
counters, fluorescent markers may be detected using a photodetector to detect emitted 
illumination. Enzymatic labels are typically detected by providing the enzyme with a 
substrate and detecting the reaction product produced by the action of the enzyme on the 
substrate, and colorimetric labels are detected by simply visualizing the cok»ed label. 

C) Ligands. 

As explained above, the effector molecule may also be a ligand or an 
antibody. Particularly preferred ligand and antibodies are those that bind to sui£u» 
markers of immune cells. Chimeric molecules utilizing such antibodies as effector 
molecules act as bifimctional linkers establishing an association between the immune cells 
bearing binding partaer for the Ugand or antibody and the tumor cdls oq»iessing tte 
erbB-2. Suitable antibodies and gn»wth fiw^m are known to those of skill in the art and 
include, but are not limited to, 11.2, UM, lLr6, U^l, tumor necrosis £u:tor CTNF). anti- 
Tac, TGFa, and the like. 



D) Other thmiiK>ii«r ^i^^ 

Other suitable effector molecules include pharmacological agents or 
encapsulation systems containing various pharmacological agents. Thus, the C6 antibody 
may be attached directly to a drug that is to be dcUvered directly to die tumor. Such 
25 drugs are well known to those of skill in the art and include, but are not limited to. 
doxirubicin, vinblastine, genistein, antisense molecules, ribozymes and the like. 

Alternatively, the effector molecule may comprise an encapsulation 
system, such as a liposome or miceUe that contains a therapeutic composition such as a 
drug, a nucleic add {e.g. an antisense nucleic acid), or another tiieiapeutic moiety that is 
ptefifaably shielded from direct exposure to die circulatory system. Means of prqaring 

liposomes attached to antibodies are weU known to those of skill in die art See, for 
example, U.S. Patent No. 4,957,735 and Comior a td., Pharm. Ther., 28: 341-365 
(1985). 
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E> Attacluneiltof thec6antfeodvtothegfrertormolem 

One of skill will appreciate that the C6 antibody and the effector molecule 
may be joined together in any order. Thus the effector molecule may be joined to dthw 
the amino or caxboxy termini of the C6 antibody. The C6 antibody may also be joined to 
an internal region of the effector molecule, or convosdy, the effector molecule may be 
joined to an internal location of the C6 antibody as long as the attachment does not 
interfere wiA the respective activities of the molecules. 

The C6 antibody and the effector molecule may be attached by any of a 
number of means well known to those of skill in the art. Typically the effector molecule 
is conjugated, either directly or through a linker (spacer), to the C6 antibody. However, 
where the effector molecule is a polypeptide it is preferable to recombinantly express the 
chimeric molecule as a single-chain fusion protein. 

i) Coniugatioii of the effector molecule to the t»rfP^mf »nff|ffy,T!ff ■ 
In one embodiment, the targeting molecule C6 antibody is chemically 
conjugated to the Sector molecule (e.g. a cytotoxin, a label, a ligand, or a drug or 
lqx>some). Means of chemically conjugating molecules are well known to those of ^inii 
(see, for example. Chapter 4 in Monoclonal Antibodies: Principles and Applications, 
Birch and Lomox, eds. John Wiley & Sons, Inc. N.Y. (199S) whidi describes 
conjugation of antibodies to anticancer drags, labels including raiUo labels, mzymes, and 
the like). 

The procedure for attaching an agmt to an antibody or othn polyp^tide 
targeting molecule will vary according to the chemical structure of the agent 
Polypeptides typically contain variety of functional groups; e.g. , carboxylic acid (COOH) 
or free amine (-NH2) groups, which are available for reaction witii a suitable functional 
group on an effector molecule to bind the effector thereto. 

Alternatively, the targeting molecule and/or effector molecule may be 
derivatized to expose or attach additional reactive functional groups. The derivatization 
may involve attachment of any of a number of linker molecules such as those available 
from Pierce Chemical Company, Rockford Illinois. 

A "linker-, as used herein, is a molecule that is used to join ttie targeting 
molecule to the effector molecule. The linker is equable of forming covalent bonds to 
both the targeting molecule and to the effector molecule. Suitable linkers are well known 
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to those of sIdU in the art and include, but are not limited to, stiaight or bnmched-chain 
caibon linkers, heterocyclic caibon linkers, or pqitlde linkers. Where the targeting 
molecule and the effector molecule are polypq)tides, the linkers may be joined to the 
constituent amino adds through their side groups {e.g. , through a disulfide linkage to 
cystdne). However, in a preferred embodiment, the linkers will be joined to the alpha 
carbon amino and carboxyl groups of die tominal amino adds. 

A bifunctional linker having one functional group reactive with a group on 
a particular agent, and another group reactive with an antibody, may be used to form the 
desired immunoconjugate. Alternatively, derivatization may involve chemical treatment 
of the targeting molecule, e.g., glycol cleavage of a sugar moiety attached to the protdn 
antibody with periodate to generate free aldehyde groups. The free aldehyde groups on 

the antibody may be reacted with free amine or hydrazine groups on an agent to bind the 
agent thereto. (See U.S. Patent No. 4,671,958). Procedures for generation of free 
sulfhydryl groups on polypeptide, such as antibodies or antibody fragments, are also 
known (See U.S. Pat. No. 4,659,839). 

Many procedure and linker molecules for attachment of various 
compounds induding radionucUde metal chdates. toxins and drugs to protdns sudi as 
antibodies are known. See, for example, European Patent Application No. 188,256; 
U.S. Patent Nos. 4,671.958, 4,659,839, 4,414,148, 4,699,784; 4,680,338; 4,569,789; 
and 4,589,071; and Borlinghaus et al. Cancer Kes. 47: 4071-4075 (1987) which are 
incorporated herein by reference. In particular, production of various immunotoxins is 
wdl-known within the art and can be found, for example in "Monoclonal Antibody- 
Toxin Conjugates: Aimiqg the Magic Bullet.- Thorpe et al.. Monoclonal Antibodies in 
Clinical Medicine, Academic Press, pp. 168-190 (1982), Waldmann, Science, 252: 1657 
(1991), U.S. Patent Nos. 4,545,985 and 4,894,443. 

Li some circumstances, it is desirable to free the effector molecule from 
the targeting molecule when the chimeric molecule has readied its target site. Therefore, 
diimeric conjugates comprising linkages whidi are deavable in the vidnity of the target 
site may be used when the effector is to be released at the target site. Cleaving of the 
Bnkage to release the agent from the antibody may be prompted by enzymatic activity or 
conditions to which the immunoconjugate is subjected dther inside the target ceU or in 
the vicinity of the target site. When the target site is a tumor, a linker which is 
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deavable under conditions present at die tumor site (eg. when exposed to tumor- 
asso ci a t e d enzymes or acidic pB) may be used. 

A number of dififeroit deavable linkers are known to those of skill in die 
art. See U.S. Pat. Nos. 4,618,492; 4,542,225, and 4,625,014. The mechanisms for 
release of an agoit 6om diese Unka groups include, for example, irradiation of a 
photolabile bond and add-catalyzed hydrolysis. U.S. Pat. No. 4,671,958, for example, 
includes a descrq>tion of inununoconjugates comprising linkers which are cleaved at the 
target site in vivo by the proteolytic enzymes of the patient's complement syston. In 
view of die large numbo- of methods that have beoi rqwrted for attaching a variety of 
radiodiagnostic compounds, radiotherapeutic compounds, drugs, toxins, and other agents 
to antibodies one skilled in the art will be able to determine a suitable mediod for 
attaching a given agent to an antibody or other polypeptide. 

in Produrtinn nf fusion prftfrfn«. 

Where die C6 antibody and/or die efifector molecule are relatively short 
less than about 50 amino adds) th^ may be ^diesized iwing standard diemical 
pqitide synthesis techniques. Where both molecules are relatively short die chimeric 
molecule m^ be synthesized as a single contiguous pcdypeptide. Alternatively die C6 
antibody and die effector molecule may be syndiesized sqnratdy and then fused by 
condensation of die amino terminus of one molecule widi the caiboxyl terminus of die 
oflier molecule diereby forming a pqitide bond. Alternatively, die targeting and effector 
molecules may each be condensed widi one end of a peptide spacer molecule dieteby 
forming a contiguous fimon protein. 

Solid phase synthesis in which the C-ierminal amino add of the sequoice 
is attached to an insoluble support followed by sequential addition of tiie remaining 
amino adds in die sequence is die preferred metiiod for die chemical syndiesis of die 
polypq>tides of diis invention. Techniques for solid phase syndiesis are described by 
Barany and Merrifield, Solid-Phase Peptide Synthesis; pp. 3-284 in The Peptides: 
Analysis, Synthesis, Biology. Vol. 2: Special Methods in Peptide Synthesis, Pan A. , 
Merrifidd, et al. J. Am. Chem. Soc., 85: 2149-2156 (1963), and Stewart et al., SoUd 
Phase Peptide Synthesis, 2nd ed. Pierce Chem. Co., Rockford, HI. (1984). 

In a preferred embodiment, die chimenc fusion protdns of die jnesent 
invention are syndiesized using lecombinant DNA metiiodology. GeneraUy diis involves 
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oeating a DNA sequence that encodes the fusion protein, placing the DNA in an 
expression cassette under the control of a particular promoter, expressing the protein in a 
host, isolating the expressed protein and, if required, renaturing the protein. 

DNA encoding the fusion proteins {e.g. C6.5Ab-PE) of this invention may 
be prqared by any suitable method, including, for example, cloning and restriction of 
appropriate sequences or direct chemical synthesis by methods such as the 
phosphotriester method of Narang et al. Meth. En^mol. 68: 90-99 (1979); the 
phosphodiester method of Brown & al., Meth. Emymol. 68: 109-151 (1979); the 
diethylphosphoiamidite method of Beaucage et al.. Tetra. Lett., 22: 1859-1862 (1981); 
and the solid support method of U.S. Patent No. 4,458,066. 

Chemical synthesis produces a single stranded oligonucleotide. This may 
be converted into double stranded DNA by hybridization wifli a conq>lementary 
sequence, or by polymeri2ation with a DNA polymerase using the single strand as a 
template. One of skiD would recognize that while chemical synthesU of DNA is limited 
to sequences of about 100 bases, longer sequences may be obtained by the ligation of 
^rter sequoices. 

Alternatively, subsequences may be doned and the ^iptopriate 

subsequences cleaved using appropriate restriction enzymes. Hie ftagments may then be 
ligated to produce tiie desired DNA sequence. 

In a preferred embodiment, DNA encoding fusion proteins of the present 
invention may be cloned using DNA amplification methods such as polymerase chain 
reaction (PGR). Hius, for example, the gene for the C6 antibody may be amplified from 
a nucleic add template (done) using a sense primer containing a first restriction site and 
an antisense primer containing a second restriction site. Hus produces a nucldc add 
encoding the mature C6 antibody sequence and haviqg terminal restriction sites. A 
cytotoxin (or other polypq>tide effector) may be cut out of a plasmid encoding that 
efifector using restriction enzymes to produce cut ends suitable for annealing to the C6 
antibody. ligation of the sequences and introduction of the construct into a vector 
produces a vector encoding the C6-effector molecule fusion protein. Such PGR doning 
methods are weU known to those of skiU in the art (see. /or example, Debinski et al. Int. 
J. Cancer, 58: 744-748 (1994), for an example of the piq)aration of a PE fusion 
protdn). 
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While the two molecules may be dixectly joined together, one of skill will 
appreciate that the molecules may be separated by a p^tide spacer consisting of one or 
more amino acids. Genially the spacer will have no specific biological activity other 
than to join the proteins or to preserve some minimum distance or otha spatial 
5 relationship betwem them. Howcvct, the ccmstituent amino adds of the spacer may be 
selected to influmce some property of the molecule such as ttie folding, net charge, or 
hydrophobicity. One of skill will appredate that PGR primers may be selected to 
introduce an amino add linker or spacer between the C6 antibody and the effector 
molecule if desired. 

10 The nucleic add sequences oicoding the fusion proteins may be e3q>ressed 

in a variety of host ceils, induding E. coli, other bacterial hosts, yeast, and various 
highff eukaryotic cells such as the COS, CHO and HeLa cells lines and myeloma cell 
lines. The recombinant protein gme will be operably linked to Bpprapnate expressicm 
control sequCTces for each host. For E. cott this includes a promote such as the T7, 

IS tip, or lambda promoters, a ribosome binding site and prtferably a transcription 

termination signal. For eukaryotic cells, the control sequences will indude a promoter 
and preferably an enhancer dmved from immunoglobulin genes, SV40, ^tomegalovirus, 
etc., and a polyadenylation sequence, and may indude splice donor and acceptor 
sequmces. 

20 The plasmids of the invention can be transfored into the chosra host cell 

by wdl-known methods such as caldum chloride transformation for E. coli and caldum 
pho^hate treatment or electiopoiation for mammalian cdls. Cells transformed by the 
plasmids can be selected by resistance to antibiotics conferred by goies contained on the 
plasmids, sudi as the amp, gpt, neo and hyg genes. 

25 Once expressed, the recombinant fusion proteins can be purified according 

to standard procedures of the art, including ammonium sulfate precipitation, affinity 
columns, colunm chromatography, gel electrophoresis and the like (see, generally, R. 
Scopes, Protein Purification, Springer- Verlag, N.Y. (1982), Deutschcr, Methods in 
Enzymology Vol 182: Guide to Protein Purification., Academic Press, Inc. N.Y. 

30 (1990)). In a preferred embodiment, the fusion proteins are purified using affinity 

purification methods as described in Examples 1 and 2. Substantially pure compositions 
of at least about 90 to 95% homogendty are pnrfimed, and 98 to 99% or more 
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homogeneity are most pxefored for pharmaceutical uses. Once purified, partially or to 
homogeneity as desired, the polypqrtides may then be used tiieiapeutically. 

One of skill in the art would recognize that after chraucal ^diesis, 
biological expression, or purification, the C6 antibody-efifector fusion protdn may 
S possess a conformation substantially different than the native conformations of the 

constituent polypeptides. In this case, it may be necessary to denature and reduce the 
polypeptide and thai to cause die polypeptide to re-fold into the preferred conformation. 
Methods of reducdng and d^iaturing proteins and inducing re-folding are wdl known to 
tiiose of skill in the art. (See, Debinski et al. J. Biol Chenu , 268: 1406S-14070 (1993); 

10 Krritman and Pastan, Biocoigug. Chem., 4: S81-S85 (1993); and Buchner, et al.. Anal. 
Biochem., 205: 263-270 (1992). Debinski et al., for »anq>le, describe the denaturation 
and reduction of inclusion body proteins in guanidine-DTE. The protein is th«i refolded 
in a redox buffer containing oxidized glutathione and L-arginine. 

One of skill would recognize that modifications can be made to the C6 

15 antibody-effector fusion proteins without diminishing their biological activity. Some 

modifications may be made to facilitate the cloning, esqkression, or incorporation of the 
targeting molecule into a fusion protein. Such modifications are wdl known to those of 
skill in the art and include, for example, a methionine added at the amino tominus to 
provide an initiation site, or additional amino acids placed on eitim terminus to create 

20 convfflientiy located restriction sites or tmnination codcms. 

As e3q>laiiied above, the C6 antibodies may be used for the in vivo or in 
vUro detection of c-erbB-2 and thus, in the diagnosis and/or localization of cancers 
25 diaracterized by die expression of c-^B-2. 

A) In Vivo Detection of 

The C6 antibodies and/or chimeric molecules of the present invention may 
be used for in vivo detection and localization of cdls {e.g. c-erbB-2 positive carcinoma) 
30 bearing c-erfoB-2. Such detection involves administering to an organism a chimeric 
molecule comprising a C6 joined to a label detectable in vivo. Such labels are well 
known to those of skill in the art and include, but are not limited to, electron dfflse 
labds such as gold or barium which may be detected by X-ray or CAT scan, various 



BNSOCXID: <WO 9700271A1J_> 



wo 97/00271 PCT/US96/10287 

41 

radioactive labels thai may be detected using scintillogiaphy, and various magnetic and 
panunagnetic materials that may be detected using position emission tomography (PET) 
and magnetic resonance imaging (MRQ. The C6 antibody associates the label with the c- 
eibB^2 bearing cell which is then d^ected and localized using the appropriate detection 
5 method. 

The C6 antibodies of this invention are also useful for the detection of c* 

eibB-2 in vitro e.g., in biological samples obtained from an organism. The detection 
10 and/or quantification of c-erbB-2 in such a sample is indicative the presence or absence 

or quantity of cells (eg. , tumor cells) overexpressing c-ert>B-2. 

The c-erbB-2 antigoi may be quantified in a biological sample derived 

from a patioit such as a cell, or a tissue sample derived from a patient. As used herein, a 

biological sample is a sample of biological tissue or fluid that contains a c-ert)B-2 antigen 
IS concentration that may be correlated witii and indicative of cells overexpressing c-erbB-2. 

Preferred biological samples include blood, urine, and tissue biopsies. 

Jn a particularly prefored embodimmt, eibB-2 is quantified in breast 

tissue cells derived from normal or malignant breast tissue samples. Although the 

sample is ^ically takm from a human patimt, the assays can be used to detect ert>B-2 
20 in cells from mammals in genoral, such as dogs, cats, sheq>, cattle and pigs, and most 

particularly primates such as humans, chimpanzees, gorillas, macaques, and baboons, 

and rodents such as mice, rats, and guinea pigs. 

Tissue or fluid samples are isolated from a patirat according to standard 

methods well known to those of skill in the art, most typically by biopsy or 
25 venipimcture. The sample is optionally pretreated as necessary by dilution in an 

appropriate bufif(^ solution or concentrated, if desired. Any of a number of standard 

aqueous buffer solutions, employing one of a variety of buffers, such as phosphate, 

Tris, or the like, at physiological pH can be used. 
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n Tmmin^ologiefll f inding A jyfflTff 

The c-eibB.2 pqitide (analyte) or an anti-c^2 antibody is preferably 
detected in an immunoassay utilizingaC6 antibody as a capture agent that specifically 
binds to a c-ert)B-2 peptide. 

As used herein, an immunoassay is an assay that utilizes an antibody (e g 
a C6 antibody) to specifically bind an analyte {e.g., c-erb-2). Hie immunoassay is 
chancterized by the use of specific binding to a C6 antibody as opposed to other physical 
or chemical properties to isolate, target, and quantify the c-erbB-2 analyte. 

The c-erbB-2 marker may be detected and quantified using any of a 
number of weU recognized immunological binding assays. (See for example US 
Patents 4,366,241; 4.376,110; 4,517,288; and 4,837.168. whidi are hereby Loiporated 
by reference.) For a review of the general immunoassays, see also MeOiods in Cell 
Biology VoUane 37: Antibodies in CeU Biology, Asai, ed. Academic Press, Inc New 
York (1993); Basic and Clinical Imnumology 7th Edition. Stites & Terr, eds. (1991)). 

The immunoassays of the present invention are performed in any of 
sev^^nfigurations. e.g., those reviewed in Maggio (ed.) (1980) Emyn^ Inununcassay 
CRC Press, Boca Raton, Florida; Tijan (1985) "Practice and TT«ory of Enzyme 
Immunoassays.- I^rauny Tech^ in BiochenOsny and Molecular Biology Hsevier 
Science Publishers B.V.. Amsterdam; Hadow and Lane, s^ru; Chan (ed.) (1987) 
inununoas^: a Practical Guide Academic Press. Orlando. FL; Price and Newman 
(eds.) (1991) Frin^pies and Practice qflmmunoassays Stockton Press, NY; and Ngo 
(ed.) (1988) Non isotopic bnmunoasscys Plenum Press, NY. 

Immunoassays often utilize a labeling agent to specificaUy bind to and 

label the binding complex formed by the capture agent and the analyte O e a C6 
antibody^B-2 complex). T*e labeling agent may itself be one of the moi^ 

comprising the antibody/analyte complex. Thus, the labeling agent may be a labeled c- 
«bB-2 peptide or a labeled C6 antibody. Alternatively, the labeling agent is optionally a 
third moiety, such as anodier antibody, that specifically binds to the C6 antibody the c- 
erbB-2 p^tide. the anti-c-erbB-2 antibody/c-erbB-2 peptide complex, or to a m«iified 
capture group {e.g., biotin) which is covalendy linked to c^B.2 or the C6 antibody. 

In one embodiment. Ae labeling agent is an antibody that specifically 
bmds to ti,eC6 antibody. Such agents are weU known to tiiose of skill in the art, and 
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most typically comprise labded antibodies that specifically bind antibodies of the 
particular animal species from which the C6 antibody is derived (e.g., an anti-spedes 
antibody). Thus, for example, where the cq>tuie agent is a human derived C6 antibody, 
the label agent may be a mouse anti-human IgG, Le., an antibody specific to the constant 
region of the human antibody. 

Other proteins capable of specifically binding immunoglobulin constant 
regions, such as streptococcal protein A or protein O are also used as the labeling agmt. 
These proteins are normal constituents of the cell walls of streptococcal bacteria. They 
exhibit a strong non immunogenic reactivity with immunoglobulin constant regions from 
a variety of species. See, generaUy Kronval, et al., (1973) 7. Immunol.^ 111:1401-1406, 
and Akerstrom, et al., (1985) J. Immunol, 135:2589-2542. 

Throughout the assays, incubation and/or washing steps may be required 
after each combination of reagmts. Incubation steps can vary firom about 5 seconds to 
several hours, preferably from about 5 minutes to about 24 hours. However, the 
incubation time will depnd upon the assay format, analyte, volume of solution, 
concmtrations, and the like. Usually, the assays axe carried out at ambient temperature, 
although they can be conducted over a range of temperatures, such as 5''C to 45''C. 



fa) Non comiietitivP a^fty f ffPBntS 
Immunoassays for detecting c-erb-2 are Really either competitive or 
noncompetitive. Noncompetitive immunoassays are assays in which the amount of 
captured analyte (in this case, c-«b-2) is directiy measured. In one preferred 
•sandwich" assay, for example, tiie capture agent (e.g., C6 antibody) is bound directiy 
or indirectiy to a solid substrate where it is immobilized. These immobilized C6 
antibodies capture c-erb-2 present in a test sample (e.g., a biological sample derived 
from breast tumor tissue). The c-erb-2 thus immobilized is then bound by a labeling 
agent, such as a second c-erb-2 antibody bearing a label. Alternatively, the seccmd 
antibody may lack a label, but it may, in turn, be bound by a labded third antibody 
specific to antibodies of the species from which the second antibody is derived. Free 
labeled antibody is washed away and the remaining bound labeled antibody is detected 
(e.g., using a gamma detector where the label is radioactive). One of skill will 
^reciate tiiat the analyte and capture agent is optionally reversed in the above assay, 
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e.g., when the presence, quantity or avidity of a C6 antibody in a sample is to be 
measured by its binding to an immobilized c-cib-2 pq>tide. 

fl>) ComnetiHvg hmhv fnmmtc 

In competitive assays, the amount of analyte {e.g., c-erbB.2) present in the 
sample is measured indirecdy by measuring the amount of an added (exogenous) analyte 
diqdaced (or competed away) ftom a capture agent {e.g. , C6 antibody) by the analyte 
present in the sample. In one competitive assay, a known amount of c-erb-2 is added to 
a test sample with an unquantified amount of c-erbB-2, and the sample is contacted with 
a c^ture agent, e.g., a C6 antibody that specifically binds c-eib-2. nie amount of 
added c-eibB.2 which binds to the C6 antibody is inversely proportional to the 
concmtration of c-eibB-2 present in the test sample. 

The C6 antibody can be immobilized on a solid substrate. The amount of 
erbB-2 bound to the C6 antibody is detennined either by measuring the amount of erbB-2 
present in an erbB-2-C6 antibody complex, or alternatively by measuring the amount of 
remaining micomplexed eri,B-2. Similariy, in certain embodiments where the amount of 

erbB.2 in a sample is known, and the amount or avidity of a C6 antibody in a sample is 
to be detennined, erbB-2 becomes the oqmire agent (e.g. , is fixed to a solid substrate) 
and the C-6 antibody becomes the analyte. 

fe) Reduction of Nnn Sn^mr m^At^^^ 

One of skiU will appreciate that it is often desirable to reduce non specific 
binding in immunoassays and during analyte purification. Where the assay involves c- 
abB-2, C6 antibody, or other capture agent immobilized on a solid substrate, it is 

desirabte to minimize the amount of non specific binding to the substrate. Means of 
mlucing such non q«cific binding are weU known to those of SkiU in the Typically 
this involves coating the substrate with a pioteinaceous composition. In particular, 
protein compositions such as bovine serum albumin (BSA), nonfet powdered milk, and 
gelatin are widely used. 
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As moitioned above, dqjaiding \xpon the assay, various componaits, 
including the eibB-2, C6 or antibodies to eibB-2 or C6, are optionally bound to a solid 
surface. Many methods for immobilizins biomolecules to a variety of scriid surfoces are 
5 known in the art. For instance, die solid surfoce nuiy be a membrane (e.g. , 

nitrocellulose), a microtiter dish (e.g., PVC, polypropylene, or polystyrene), a test tube 
(glass or plastic), a dipstick ie.g. glass, PVC, polypropylene, polystyrene, latex, and the 
like), a microcentrifuge tube, or a glass, silica, plastic, metallic or polymer bead. The 
desired component may be covaloitly bound, or noncovaloitiy attached through 
10 nonspecific bonding. 

A wide variety of oiganic and inorganic polymers, both natural and 
synthetic may be employed as die material for die solid suifece. Illustrative polymers 
include polyethylene, polypropylene, poly(4-mediylbutene), polystyrene, 
polymethacrylate, poly(ethylene terephdialale), rayon, nylon, poly(vinyl butyrate), 
15 polyvinylidene difluoride (PVDF), silicones, polyfonnaldehyde, oeUulose, ceUulose 

acetate, nitroceUulose, and the like. Other materials which may be employed, include 
pap», glassess, ceramics, m^als, metalloids, semiconductive materials, cements or die 
like. In addition, substances tfiat form gds, such as proteins (eg., gelatins), 
lipqpolysaccharides, silicates, agarose and polyacrylamides can be used. Polymers which 
form several aqueous phases, such as dextrans, polyalkylene glycols or sur^tants, such 
as phospholipids, long chain (12-24 carixm atoms) alkyl ammonium salts and die like are 
also suitable. Where die soUd surface is porous, various pore sizes may be employed 
depending upon the nature of the systean. 

In preparing die surfece, a plurality of different materials may be 
25 employed, e.^.. as laminates, to obtain various properties. For example, protdn 

coatings, such as gelatin can be used to avoid non spedfic binding, simpHfy covalent 
conjugation, enhance signal detection or die like. 

If covalent bonding between a compound and die surface is desired, die 
surface will usually be polyfimctional or be capable of being polyfunctionalized. 
30 Functional groups which may be present on die surface and used for linking can include 
caiboxylic adds, aldehydes, amino groups, cyano groups, ediylenic groups, hydroxyl 
groups, mercapto groups and die like. The manner of linking a wide variety of 
compounds to various surfaces is well known and is amply illustrated in the literature. 
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See, for exa m ple, ^mobilized En^mes, Idmo Chibata, Halsted Press, New York, 1978, 
and Cuatiecasas, /. BioL Chem. 245 3059 (1970). 

In addition to oovalent bonding, various methods for noncovalently binding 
an assay component can be used. Noncovalent binding is typicaUy nonspecific 
absoiption of a compound to the surfece. TypicaUy, the surface is blocked with a second 
compound to prevent nonspecific binding of labeled assay components. Alternatively, 
the surface is designed such that it nonspedfically binds one component but does not 
significanUy bind another. For example, a surface bearing a lectin such as Concanavalin 
A will bind a carbohydrate containing compound but not a labeled protdn that lacks 
glycosylation. Various solid surfaces for use in noncovalent attachment of assay 
components are reviewed in U.S. Patent Nos. 4,447,576 and 4,254,082. 

in Other Assay irnrmatf; 

C-erbB-2 polypeptides or C6 antibodies and can also be detected and 
quantified by any of a number of other means well known to those of skill in the art. 
These include analytic biochemical methods such as q)ectrDphotonietiy, ladiogx^y, 
electrophoresis, capillary electrophoresis, high petformanoe liquid chromatography 
(HPLQ, thin layer chromatography (TLQ, hyperdiflfusion cfaromatogiaphy, and the like, 
and various immunological methods such as fiuid or gel precipitin reactions, 
immunodiffusion (single or double), immunoelectpophoresis, radioimmunoassays (RIAs), 
enzyme-linked immunosorbent assays (EUSAs), immunofluorescent assays, and the like. 

Western blot analysis and related methods can also be used to detect and 
quantify the presence of eibB-2 pq>tides and C6 antibodies in a sample. The technique 
genetaUy comprises separating sample products by gel dectrophoresis on the basis of 
molecular weight, transferring the separated products to a suitable solid support, (such as 
a nitroceUulose filter, a nyton filter, or derivatized nylon filter), and incubating the 
sample with the antibodies that spedfically bind either the erbB-2 peptide or the anti- 
erbB-2 antibody. The antibodies spedficaUy bind to the biological agent of interest on 
the solid support. These antibodies are directly labeled or alternatively are subsequently 
detected using labeled antibodies {e.g., labeled sheep anti-human antibodies where the 
antibody to a marker gene is a human antibody) which specifically bind to the antibody 
which binds dther anti-abB-2 or erfoB-2 as appropriate. 
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Other assay formats include lipcnome immunoassays (UAs), which use 
liposomes designed to bind specific molemles {e.g., antibodies) and idease encs^sulated 
zeagmts or markers. The released diemicals are th«i detected according to standard 
techniques (see, Monroe era7., {\9Ze)Amer. Clin. Prod. Rev. 5:34-41). 

5 

iin Labeling nf C6 antibodies. 

Hie labeling agoit can be, e.g. , a monoclonal antibody, a polyclonal 
antibody, a protein or complex such as those described herein, or a polymer such as an 
affinity matrix, carbohydrate or lipid. Detection proceeds by any known method, 

10 including immunoblotting, western analysis, gel-mobility shift assays, traciring of 
radioactive or bioluminescoit markos, nuclear magnetic resonance, electron 
paramagnetic resonance, stopped-flow spectroscopy, column duromatography, c^nllary 
electrophoresis, or other methods which track a molecule based upon an alteration in size 
and/or charge. The particular YabA at detectable group used in the ass^ is not a oitical 

IS aspect of the invention. The detectable group can be any material having a detectable 
physical or chemical property. Sudi detectable labds have been weU-developed in the 
fieU of immunoassays and, in general, any label usefiil in such methods can be applied 
to the present invention. Hius, a labd is any composition detectable by ^lectrosooiuc, 
idiotodiemical, biochemical, immunochemical, dectrical, optical or chonical means. 

20 Useful labels in the present invention include magnetic beads {e.g. Dynabeads™), 

fluorescent dyes (e.g., fluorescein isothiocyanate, Texas red, rfaodamine, and the like), 
ladiolabels (e.g., »H, »S, "C, or «P), enzymes {e.g., LacZ, CAT, horse radish 
peroxidase, alkaline phosphatase and oUiers, commonly used as detectable enzymes, 
either as marker gene products or in an EUSA), and colorimetric labels such as coUoidal 

25 gold or colored glass or plastic {e.g. polystyrene, polypropylene, latex, etc.) beads. 

The label may be coupled directly or indirectly to the desired component 
of the assay according to methods well known in the art. As indicated above, a wide 
variety of labels may be used, with the choice of labd depending on tfie soisitivity 
required, ease of conjugation of the compound, stability requirements, available 

30 instrumentation, and disposal provisions. 

Non radioactive labds are often attached by indirect means. Goiraally, a 
ligand molecule {e,g., biotin) is covalenay bound to the molecule. The ligand then binds 
to an anti-ligand (e.g., strq)tavidin) molecule vAasAi is dtfaer inhnently detectable or 
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covalendy bound to a signal system, such as a detectable enzyme, a fluorescent 
campound, or a chemiluminescent compound. A number of ligands and anti-ligands can 
be used. Where a ligand has a natural anti-ligand, for example, biotin, thyroxine, and 
coitisQl, it can be used in conjunction wi& the labeled, naturally occuiring anti-ligands. 
5 Altonativeiy, any haptmic or antigoiic compound can be used in combination with an 
antibody. 

The molecules can also be conjugated directly to signal goieiating 
compounds, e.g., by conjugation with an enzyme or fluorophore. Enz3rmes of interest as 
labels will primarily be hydrolases, particulariy phosphatases, esterases and glycosidases, 

10 or oxuioieductases, particularly peroxidases. Fluorescent compounds include fluorescein 
and its derivatives, rhodamine and its derivatives, dansyl, umbelliferone, ere. 
Chemiluminescoit compounds include ludfinin, and 2,3-dihydrophthaIazinediones, e.g., 
luminol. For a review of various labelling or signal (vodudng systems whidi may be 
used, see, U.S. Patent No. 4,391,904, which is incoipozated herein by reference. 

^ Means of detecting labds are wdl known to those of skill in the art. 

Thus, for example, where the label is a radioactive label, means for detection include a 
sdntillation counter or photographic film as in autoradiography. Where the label is a 
fluorescent label, it may be detected by exciting the fhunochrome with the appropriafe 
wavelength of light and detecting the resulting fluorescence, eg., by microscopy, visual 
20 inq)ectioa, via photographic fiUn, by the use of electronic detectors such as charge 

coupled devices (CCDs) or photomultipliers and the like. Similarly, enzymatic labels 
may be detected by providing s^ropriate substrates for the enzyme and detecting the 
resulting reaction product Finally, simple colorimetric labels may be detected simply by 
observing the color associated with the label. Thus, in various dipstick assays, 
25 conjugated gold often appears pink, while various conjugated beads appear the color of 
the bead. 

Some assay formats do not require the use of labeled components. For 
instance, agglutination assays can be used to detect the presence of C6 antibodies and C6 
antibody-eri>B-2 peptides. In this case, antigen-coated particles are agglutinated by 
30 samples comprising the target antibodies. In this formal, none of the components need 
be labeled and the presence of the target antibody is detected by simple visual inq)ection. 
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V. PhntfY'^^^Mticfll Compositions, 

The chimeric molecules of this invention are useliil for parenteral, topical, 
oral, or local administration, such as by aerosol or transdermally, for prophylactic and/or 
fliecapeutic treatmoit The phaimaceutical compositions can be administered in a variety 
5 of unit dosage forms depending upon the method of administration. For example, unit 
dosage forms suitable for oral administration include powder, tablets, pills, capsules and 
lozenges. It is recognized that the fusion protdns and pharmaceutical compositions of 
this invmtion, whm administered orally, must be protected from digestion. This is 
Q^ically accomplished either by complexing the protein with a composition to render it 

10 resistant to acidic and enzymatic hydrolysis or by packaging the protdn in an 

appropriately resistant carrier such as a liposome. Means of protecting protdns from 
digestion are well known in the art. 

The pharmaceutical compositions of this invmtion are particularly useful 
for parmteral administration, such as intravenous administration or administration into a 

15 body cavity or lumen of an organ. The compositions for administraticm will commonly 
comprise a solution of the chimeric molecule dissolved in a pharmaceutically acceptable 
carrier, preferably an aqueous earner. A variety of aqueous carrieis can be used, e.g. , 
buffered saline and the like. These solutions are sterile and graerally free of undesirable 
matter. These compositions may be sterilized by conventional, weU known sterilization 

20 techniques. The compositions may contain pharmaceutically accq>table auxiliary 

substances as required to approximate physiological ccmditions such as pH adjusting and 
buffering agrats, toxicity adjusting agoits and the like, for example, sodium acetate, 
sodium chloride, potassium chloride, calcium chloride, sodium lactate and the like. The 
concentration of chimeric molecule in these formulations can vary widely, and will be 

25 selected primarily based on fluid volumes, viscosities, body weight and the like in 

accordance with the particular mode of administration selected and the patient's needs. 

Thus, a typical pharmaceutical composition for intravenous administration 
would be about 0.1 to 10 mg per patient per day. Dosages from O.l up to about 100 mg 
per patient per day may be used, particularly when the drug is administered to a secluded 

30 site and not into the blood stream, such as into a body cavity or into a lumen of an 

organ. Methods for preparing parenterally administrable compositions will be known or 
apparent to those skilled in the art and are described in more detail in such publications 
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as Remington's Pharmaceutical Science, 15th ed.. Mack Publishing Company, Easton, 
Pennsylvania (1980). 

The conipositions containing the jnesent fusion protons or a cocktail 
thereof (/.«., with other protdns) can be administered for therapeutic treatments. In 
5 therapeutic ^>pIications, compositions are administered to a patient suffering ftom a 
disease, typically a c-etbB-2 positive carcinoma, in an amount sufficient to cure or at 
least partially anest the disease and its oompUcations. An amount adequate to 
accomplish this is defined as a "therapeutically effective dose." Amounts effective for 
this use wiU degeoA upon the severity of the disease and the general state of the patient's 
10 health. 

Single or multiple administrations of the compositions may be administned 
depending on the dosage and frequency as required and tolerated by the patient. In any 
event, the composition should provide a suffidrat quantity of the proteins of this 
invoition to effectively treat the patient. 
^ Among various uses of the cytotoxic fusion proteins of the present 

invention are included a variety of disease conditions caused by specific human cells that 
may be eliminated by the toxic action of the protein. One a^Ucadon is the treatment of 
cancer, such as by the use of a C6 antibody attached to a cytotoxin. 

Another ^roach involves using a ligand that binds a ceU sur&ce marker 
20 (rec^tor) so the chimeric associates cdls bearing the ligand substrate are associated with 
the c-ert>B-2overexpressing tumor cdl. TTie Ugand portion of the molecule is chosen 
according to the intended use. Proteins on the membranes of T cells that may serve as 
targets for the ligand includes Fcyl, FcyH and FcylH, CD2 (Til), CD3, CD4 and Ca>8. 
Proteins found predominantly on B ceUs that might serve as targets include CDIO 
25 (CALLA antigen), CD19 and CD20. CD45 is a possible target that occurs broadly on 
lymphoid cells. These and other possible target lymphocyte target molecules for the 
chimeric molecules bearing a ligand effector are described in Uukocyte Typing ni, A.J. 
McMichael, ed., Oxford University Press (1987). Those skiUed in the art will realize 
ligand effectors may be chosen that bind to receptors expressed on stiU other types of 
30 cells as described above, for example, membrane glycoproteins or ligand or hormone 
recq>tors such as epidermal growth factor recq>tor and the like. 
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VI. Kite For Diara«Ki< or Tr«itm..Hf 

In another embodiment, this invention provides for Idts for the treatment 
of tumors or for the detection of cdls overoqnessiiig c-eri>B-2. Kits will typically 
comprise a chimeric molecule of the present invention (c.^. C6 antibody-label, C6 
antibody-cytotoxin, C6 antibody-Ugand, etc.). In addition the kits wiU typically include 
instructional materials disclosing means of use of chimeric molecule (e.g. as a cytotoxin, 
for detection of tumor ceUs, to augment an immune response, etc.). The Idts may also 
include additional components to faciUtate the particular appHcation for which the kit is 
designed. Thus, for example, where a kit contains a chimeric molecule in which the 
effector molecule is a detectable label, the kit may additionally contain means of 
detecting the label {e.g. enzyme substrates for enzymatic labels, filter sets to detect 
fluorescent labels, appropriate secondary labels such as a sheq> anti-human antibodies, or 
the like). The kits may additionally include buffers and other reagents routinely used for 

the practice of a particular method. Such kits and appropriate contents are weU known to 
those of skill in the art. 



EXAMPLES 

The following examples are provided by way of iUustration only and not 
by way of limitation. Those of skill wiD readily recognize a variety of noncritical 
parameters which could be changed or modified to yield essentially similar results. 

fegtetign and Characterizatioii nf l¥.m,.« ^i.^p ^ »<Aain FVq Binding T - f ^^fr ff^'* 
Materials and Mcthnite; 

Preparation cfc-erbB-2 ECD 

The antigen c-erbB-2 ECD with a Ser-Gly-His^ C-terminal fusion was 
expressed from Chinese Hamster Ovary cells and purified by immobilized metal affinity 
duomatography (IMAC). 

Phage preparation 

Phage were prqjared from a phagemid library (3 x 10^ members) 
e3q)ressing sFv as pm fusions on the phage surface (Marks et al. (1991) J. Mol. Biol 
222:581-597). The Ubrary was created from a rq>ertQire of sFv genes consisting of 
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human heavy and light chain variable region (V„ and V J genes isolated from the 
peripheral blood lymphocytes of unimmunized human volunleere^ To rescue phagemid 
particles fhmi the library, 50 ml of 2 X TY media containing 100 Mg/ml ampkil^ 
1% glucose were inoculated with 10» bacteria taken from the frozen Ubiary glycerol 
stock. The culture was grown at 37«C with shaking to an A«», nm of 0.8. 7.0 x 10" 
colony forming miits of VCS-MD (Stratgene) added, and incubation continued at 37"C 
for Ih without shaking foUowed by Ih with shaking. Hie ceUs were peUeted by 
centrifiigation at 45008 for 10 min, resuspended in 200 ml of 2 x TY media containing 
100 Mg/ml ampicillin and 2.5 /tg/ml kanamydn and grown overnight at 37»C. Phage 
particles were purified and concentrated by 2 polyethylene glycol precipitations and 
resuspended in PBS (25 mM NaH^O,, 125 mM NaQ. pH 7.0) to approximately 10» 
transducing units/ml ampicillin resistant clones. 

Selection qf binding phage antibodies 

Phage expressing sFv which bound c-erbB-2 were selected by panning the 
phage library on immobilized c-crbB-2 ECD (Marks et al. (1991) supm.). Briefly, 
immunotubes (Nunc, Maxisori>) were coated widi 2 ml (100 ^g/ml) c-crbB-2 BCD in 
PBS overnight at 20-C and blocked with 2% milk powder in PBS for 2 h at 37-C. 1 ml 
of the phage solution (approximately 10" phage) was added to the tubes and incubated at 
20''C with tumbling on an over and under turntable for 2 h. Nonbinding phage were 
eliminated by sequential washing (15 times with PBS containing 0.05% Tween followed 
by 15 times with PBS). Binding phage were then eluted ftom the immunotubes by 
adding 1 ml of 100 mM triethylamims, incubatiAg for 10 min at 20»C. transferring the 
solution to a new tube, and neutralizing with 0.5 ml IM TCs HQ, PH 7.4. Half of the 
eluted phage solution was used to infect 10 ml of Rcoli TCI (Gibson, T.J. (1984) 
Studies on the Epstein-Barr virus genome. Cambridge University Ph.D. thesis; Carter et 
al. (1985) Nucleic Acids Res.. 13: 4431^3) grown to an A«„ nm of 0.8^.9. After 
incubation for 30 min at 37-C. bacteria were plated on TYE plates containing 100 Mg/ml 
ampicillin and \% glucose and grown overnight at 37-C. Phage were rescued and 
concentrated as described above and used for the next selection romid. The selection 
process was repeated for a total of 5 rounds. 
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Screening for binders 

After each round of selection, 10 ml cSE.coli HB2151 (Carter et al. 
(1985) Nucleic Adds Res., 13: 4431-43) (A«o run - 0.8) were infected with 100 fd of 
tiie jiage eluate in order to pnqxare soluble sFv. In diis strain, the anib» oodon 
betweoi die sFv goie and gene HI is read as a stop codon and native soluble sFv 
secT^ into the periplasm and media (Hoogenboom et al. (1991) Nucleic Acids Res. 19: 
4133-4137). Single ampidllin resistant colonies were used to inoculate microtitie plate 
wdls containing 150 /il of 2 x TY containing 100 /tg/ml ampicillin and 0.1% glucose. 
The bacteria were grown to an A«o nm - 1.0, and sFv expression induced by the 
addition of IPTG to a final concentration of 1 mM (De Bellis et al. , (1990) Nucleic Acids 
Res., 18:1311). Bacteria were grown overnight at 30'C, the cells removed by 
caitrifiigation, and the supernatant containing sFv used directiy. 

To screen for binding, 96-weU microtiter plates (Falcon 3912) were coated 
overnight at A'C with 10 /tg/ml c-erbB-2 ECD in PBS, blocked for 2 h at 37'C with 2% 
milk powd» in PBS, and incubated for 1.5 hours at 20'C with 50 fd of die Kcoli 
supernatant containing sFv. Binding of soluble sFv to antigen was detected with a mouse 
monoctonal antibody (9E10) which recognizes die C-tenninal myc peptide tag (Munxo, S. 
et al., (1986) CeU, 46:291-300) and peroxidase conjugated anti-mouse Ft antibody 
(Sigma) using ABTS as substraie (Ward et aL (1989) Nature, 341: 544-546). The 
reaction was stopped after 30 min with NaF (3.2 mg/ml) and Uie A405 nm measured. 
Unique clones were identified by PGR fingerprinting (Marks, J. D. et al., (1991) J. Mol. 
Biol., 222:581-597) and DNA sequmdng. The specificity of each unique sFv was 
determined by EUSA performed as described above widi weUs coated widi 10 /tg/ml of 
bovine serum albumin, hen egg white lysozyme, bovine glutamyltranspeptidase, c-crbB-2 
ECD, VCS M13 (3.5 x 10«/ml) and casein (0.5%). For EUSA widi biotinylated 
c-eibB-2 ECD, miopotiter plates (Immunolon 4, Dynatech) were coated with 50 /il 
immunopure avidin (Pierce; 10 /xg/ml in PBS) overnight at 4'C, blocked widi 1 % bovine 
serum albumin in PBS for 1 h at 37'C and incubated widi 50 /*! biotinylated c-ert)B-2 
extraceUular domain (5 /tg/ml) for 30 min at 20°C. To prqwre biotinylated antigen, 0.2 
ml c-erbB-2 ECD (1 mg/ml in PBS) was incubated widi 0.5 mM NHS-LC-biotin (Pierce) 
overnight at 4''C and Uien purified on a presto desalting column (Pioce). 
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Subdoning, expression and piaification. 

To fiidlitate purification, the C6^ sFv gene was subcloned into the 
expression vector pUClWSfi/NotHismyc (Griffiths, etal. (1994) EMBO 13: 
3245-3260) whidi results in the addition of a hexa-histidine tag at the C-tenninal end of 
5 thesFv. Briefly, pHEN-l vector DNA containing the C6.5sFvDNA was prepared by 
alkaline lysis millqwr, digested with Ncol and NotI, and the sFv DNA purified on a 
1.5% agarose gel. C6.5 sFv DNA was Ugated into pUC119SfiimotIHismyc digested 
with Ncol and NotI and the legation mixture used to transform electrocompetent E. coli 
HB2151. For eqwession, 200 ml of 2 x TY media containing 100 ^g/ml ampidllin and 
10 0. 1 % glucose was inoculated with E. coli HB2151 harboring the C6.5 gene in 

pUC119Sfil/NotIHismyc. The culture was grown at 37»C to an A«» nm of 0.8, soluble 
SFv expression induced by the addition of IPTG to a final concentration of 1 mM, and 
the culture grown at 30»C in a shaker flask overnight. Singles:hain Fv was harvested 
from the periplasm using the following protocol. CeUs were harvested by centrifiigation 
15 at 4000g for 15 min. resuspended in 10 ml of ice cold 30 mMTris-HQ pH 8.0, 1 mM 
EDTA, 20% sucrose, and incubated on ice for 20 min. The bacteria were peUeted by 
centrifiigation at 6000g for 15 min. and the "periplasmic ftaction" cleared by 
centrifiigation at 30,000g for 20 min. The supernatant was dialyzed overnight at 4»C 
against 8 L of IMAC loading buffer (30 mM sodium phosphate pH 7.5. 500 mM NaQ. 
20 20 mM imidazole) and then filtered through a 0.2 micron filter. 

n»e SFv was purified by IMAC. All stq.s were performed at 4-0 on a 
Percqrtive Biosystems BIOCAD Sprint. A column containing 2 ml of Ni-NTA resin 
((3iagen) was washed with 20 ml IMAC column wash buficr (50 mM sodium phoq,hate 
pH 7.5, 500 mM NaQ, 2.50 mM imidazole) and 20 ml of IMAC loading buffer. The 
periplasmic prqaration was loaded omo the column by pump and the column washed 
sequentiaUy widi 50 ml IMAC loading buffer and 50 ml IMAC washing buffer (50 mM 
sodium phoqAate pH 7.5, 500 mM NaQ, 23 mM imidazole). Protein was eluted with 
2.5 ml IMAC elution buffer (50 mM sodium phosphate pH 7.5. 300 mM NaCl. 100 mM 
iniidazole) and 4 ml ftactions collected. Protein was detected by absorbance at 280 nm 
and SFv typically eluted between fractions 6 and 8. To remove dimeric and aggregated 
sFv, samples were concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and 
fiactionated on a Superdex 75 column using a running buffer of HBS (10 mM Hepes, 
150 mM NaCl. pH 7.4). TTie purity of the final preparation was evaluated by assaying an 
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aliquot by SDS-PGE. Protein bands were detected by Coomassie staining. The 
concentration was detennined spectrophotomettically, assuming an Ajw run of 1.0 
canesponds to an sFv concaitiation of 0.7 mg/ml. 

5 Affinity and kinetic measurements 

The Kj of C6.5 and 74IF8 sFv were determined using surface plasmon 
resonance in a BIAcore (Pharmacia) and by Scatchard analysis. In a BL\core flow cell, 
1400 resonance units (RU) of c-erbB-2 ECD (25 ^g/ml in 10 mM sodium acetate, pH 
4.5) was coupled to a CM5 sensor chip (Johnsson, B. et al., (1991) Anal. Biochem., 
10 198:268-277). Association and dissociation of C6.5 and 741F8 sFv (100 nM - 600 nM) 
were measured under continuous flow of 5 /il/min. Rate constant k„ was detennined 
from a plot of (In (dR/dt))/t vs conceatration (Karlsson et al. (1991) /. Immunol, Meth., 
145: 229-240). Rate constant was determined from the dissodation part of the 
srasorgram at the highest concentration of sFv analyzed johnsson al. (1991) Anal. 
15 Biochem., 198: 268-277). The of C6.5 was also determined by Scatchard analysis 
(Scatchard (1949) Aimtd. N.Y. Acad. Sci., 51: 660). AH assays were performed in 
trqdicate. Briefly, 50 |tg of zadioiodinated sFv was added to 5 x 10^ SK-OV-3 cells in 
the presence of increasing concentrations of unlabeled sFv from tiie same preparation. 
Af^ a 30 minute incubation at 20*^0, the samjdes were wa^ed with PBS at 40''C and 
centrifuged at 500g. The amount of labeled sFv bound to the cells was detmnined by 
counting the pellets in a gamma counter and the K, and Kd were calculated using the 
EBDA program (V 2.0, G.A. McPherson, 1983). 

XadiolabeUng 

25 The C6.5 sFv was labeled with radioiodine using the CT method 

(DeNaido et al. (1986) Nud. Med. Biol.. 13: 303-310). Briefly, 1.0 mg of protein was 
combined with (14-17 mCi/mg) (Amersham, Arlington Heights, XL), or "»I (9.25 
mCi/mg) (DuPont MEN, Wilmington, DE) at an iodine to protein ratio of 1: 10. 10 /tg 
of CT (Sigma, St. Louis, MO) was added per 100 of protein and the resulting 
mixture was incubated for three minutes at room temperature. The reaction was 
qurached by the addition of 10 ^ig of sodium metabisulfite (Sigma) p^ 100 ^g of 
protdn. Unincorporated radioiodine was sqiarated from the labeted protein by gel 
filtration using the 0-5(^-80 centrifuged-oolumn method (Adams et al. (1993) Cancer 
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Jies. 53: 4026-4034). The final specific activity of the CT ]abeUing was 1.4 mCi/mg for 
the "'I-C6.5 sFv and typicaUy about 1.0 mCi/mg for the »^-C6.5 sPv. 



Quality Control 

The quality of the radiophannaceuticals was evaluated by HPLC, 
SDS-PAGE, and a live ceU binding assay as previously described (Adams et al. (1993) 
Cancer Xes. 53: 4026-4034). The HPLC elution profiles from a Spherogel •reK-3000 
molecular sieving column consistendy demonstrated that greater than 99% of the 
radioactivity was associated with the protein peak. Greater than 98% of the nonreduced 
"*I<:6.5 sFv preparations migrated on SDS-PAGE as approximately 26 proteins whUe 
the remaining activity migrated as a dimer. Hie immunoreactivity of the 
radiopharmaceuticals was determined in a live cell binding assay utilizing c-erbB-2 
overexpressing SK-OV-3 cells (#HTB 77; American Type Culture Collection. Rockville. 
MD) and c-eibB-2 negative CEM ceUs (#119; American Type Culture Collecdon) 
(Adams, G.P. et al., (1993) Cancer Res. 53:4026^34). live ceU binding assays 
revealed 49 % of the activity associated with the positive ceU pelleted less than 3 % bound 
to the negative control cells; these results were lower than those typically seen with 
741F8 sFv (60-80% bound) (Adams et al., (1993) sttpn.). 

20 Cell Surface Dissociation Studies 

CeU surface retention of biotinylated forms of the sFv molecules were 
measured by incubating 2 ^g of either sFv with 2 x 10« SK-BR-3 ceUs (jWHB 30; 
American Type Culture Collection) in triplicate in 20 ml of FACS buffer, with 0.01% 
arideforl5minat4»C. The cells were washed twice with FACS buffer (4»C) and 

25 resuspended in 2 ml of FACS buffer. 0.5 ml of the ceU suqx»ision were removed and 
placed in three separate tubes for incubations under differing conditions; 0 min at 4»C, 
15 min at 37-C, and 30 min at 37-C. After the incubations, die cells were centrifuged 
at 300g, the supenatants were removed, the ceU pellets were washed 2x (4"C) and the 
degree of retention of sFv on the cell surface at 37 • C (for 1 5 or 30 min) was compared 

30 to retration at 0 min at 4*'C. 
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Biodistribution and Radioinimunoimaging Studies 

Four to six week old C.BT7/Icr-scid mice were obtained from the Fox 
Chase Cancer Center Laboratory Animal Facility. 2.5 x 10^ SK-OV-3 cells in log phase 
weie implanted s.c. on die abdomms of the mice. After about 7 weeks the tumors had 
5 achieved sizes of 100-200 mg and Lugol's solution was placed in the drinking water to 
block thyroid accumulation of radioiodine. Three days latn, biodistribution studies were 
initiated. ^-C6.5 sFv was diluted in PBS to a concentration of 0.2 mg/ml and each 
mouse was given 100 mL, containingr20 $ig of radiopharmaceutical, by tail vein 
injection. Total injected doses were determined by counting each animal on a Series 30 

10 multichannel analyzer/probe system (probe model #2007, Canaberra, Meridian, CT). 
Blood samples and whole body counts of the mice were obtained at regular intervals. 
Groups of 8 mice were sacrificed at 24 h after injection and the tumors and organs 
removed, weighed and counted in a gamma counter to determine the %ID/g (Adams et 
al. (1993) supra.; Adams et al. (1992) Antibody Imnamoconj. and Radiopharm., 5: 

15 81-95). The mean and standard error of the mean (SEM) for eadi group of data were 
calculated, and T:0 ratios determined. Significance levels were determined using 
Studrats t-test. 

For the ladioimmunoimaging studies, tumor-bearing sdd mice were 
injected with 100 |ig (100 fd) of "'I-C6.5. At 24 hours after injection, the mice were 
20 euthanized by asphyxiation with CO2 and images were acquired on a Prism 2000XP 
gamma camera (Picker, Highland Heights, OH 44142). Preset acquisitions of 100k 
counts were used. 
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Results 

After four rounds of sdecdon, 9/190 clones analyzed by EUSA expressed 
sFv wiiich bound c-eibB-2 ECD (EUSA signals greater than 0.4, 6 times higher than 
background). After five rounds of selection, 33/190 clones e>q>ressed c-erbB-2 binding 
sFv. PGR fing^rinting of the 42 positive clones identified two unique restriction 
patterns and DNA sequencing of 6 clones from each pattern revealed two unique human 
sFv sequences, C4.1 and C6.S (Table 6). The Vh gene of C6.5 is from the human V||S 
gene family, and the gene from the human Vx &mily (Table 6). The Vj. gene appears 
to be derived from two differmt germline genes (HUMLV122 and DPL S) suggesting the 
occurrence of PGR crossover (Table 6), The V„ gene of C4. 1 is from the human V„3 
fEmiily, and the Vl gene from the human Vx3 family (Table 6). C4.1 and C6.5 both 
bound c-^B-2 specifically, as determined by EUSA against the relevant antigen and a 
panel of irrelevant antigms. However, v/hen biotinylated c-erbB-2 ECD was bound to 
avidin coated plates and used in EUSA assays, the signal obtained with C6.5 was 6 
times higher than observed when c-erbB-2 ECD was absorbed to polystyrrae (1.5 vs 
0.25). In contrast, C4.1 was not capable of binding to biotinylated c-«bB-2 ECD 
captured on avidin microtitre plates. Additionally, biotinylated and iodinated C6.5, but 
not C4.1, bound SK-BR-3 cells overexpressing c-erbB-2. These results indicate that 
C6.5 binds the native c-abB-2 expressed on cells, but C4 binds a denatured epitope that 
appears when the antigen is adsorbed to polystyrene. 

C6.S was purified in yields of 10 mg/L ofE. cott grown in shake flasks 
and gel filtration analysis indicated a single peak of approximately 27 Kd. The of 
purified C6.3 was determined using both surface plasmon resonance in a BIAcore and by 
Scatdiard. The detomined by BIAcore (1.6 x 10* M) agreed closely to the value 
determined by Scatchazd C2.0 x 10* M) (Table 7). Kinetic analysis by BIAcore indicated 
that C6.5 had a rapid on-rate (k^ 4.0 x 10*M-4-*) and a TspiA off*rate (k^ 6.3 x lO^r*) 
(Table 2). Cell retention assay confirmed that C6.5 dissociated rapidly fiom the cell 
surface (Table 2). 

After injection of *"I-C6.5 into sad mice bearing SK-OV-3 tumors, 1.47% 
ID/gm of tumor was retained after 24 hours (Table 7). Tumorrnormal organ values 
ranged from 8.9 (tumor: kidney) to 283 (tumor: muscle). These values were higher than 
values observed for 741F8 sFv, produced from a murine monoclonal antibody (K^ = 2.6 
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X ia» M. The high T:0 ratios resulted in the highly specific visualization of the tumor 
by gamma scintigraphy using ^'^I-labelled C6.S. 
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J;hS^*^^«°" anti^B-2 sFV qnscies. Characteristics of the murine 
anti-c-erbB-2 sFv, 741F8, and the human sFv C6.5 are compared. TTie affinity and 
dissoaa&on constants were detennined by Scatchaid plot analysis, unless othenvise 
stated Dissoaabon from c^B-2 positive (SKOV-S) oeUs was measured in an in vitro 

tol^S:* injected dose per gram (%m/g) tumor M and tunToT 

to or^ ratios were determmed in biodistribution studies performed in sqiarate groupV 

^ r^rT* ("=?^^> SK-OV-3 tumors overe^ressing c-erbftTlEM 22^ < 

35% of the associated values a = significandy unproved (p<0.05) compared to 741F8 
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ISQtetton Qf High Amnttv Monomeric Human Anti-cer h -2 Sin.»lA f^^fiin Fv Tkinp 

Aflinitv Driven Selection 

Mi»t«>rhiki «»id Methods 

Construction of heavy chcun shvffled libraries 

To facilitate heavy chain shuffling, libraries were constructed in pHEN-1 
(Hoogenboom et ed. (1991) Nucleic Acids Res. 19, 4133-4137) containing human Vh 
gene iq)ertoiies (FRl to FR3) and a cloning site at the end of Vh FR3 for inserting the 
Vh CDR3, Vh FR4, linker DNA and Ught chain from binding sFv as a BssHH-Notl 
fragmoit. To create the libraries three Vh gene repertoires enriched for human V„l, 
Vh3, and Vh5 gene were ampUfied by PGR using as a template single stranded DNA 
prepared from a 1.8 x 10* member sFv phage antibody library pHEN-1 (Marks et al. 
(1991) /. Mol. Biol 222: 581-597). For PGR, 50 /d reactions were prepared containing 
10 ng template, 25 pmol back primer (LMB3), 25 pmol forward primer (PVhIFORI, 
PVh3FOR1, or PV„5FORl), 250 uM-dNTPs, 1 mM MgQ,, and 0.5 lU (2 units) Taq 
DNA polymerase (Prom^) in the manufacturer's buffer. Primers PVHlForl, 
PVhSFotI, and PVaSForl were designed to anneal to the consensus VhI, Vh3, or, VgS 
3* FR3 sequence respectively (Tomlinson et al. (1992) J. Mol Mol 227, TJ&ngz- see 
Table 18). The reaction mixture was subjected to 25 cycles of anq>lification (94'C for 
30 sec, 55 'C for 30 sec and 72-C for 30 sec) using a Hybaid OmniGene cycler. Tlie 
products were gel purified, isolated from the gel using DEAE membranes, eluted from 
the membranes with high salt buffer, ethanol predpitated. and xesuspended in 20 ^1 of 
water (Sambrook et al. (1990)). 

The DNA fiagmraits from the first PGR were used as templates for a 
25 second VCR to introduce a BssHH site at the 3'-end of FR3 followed by a NotI site. The 

BssHH site corresponds to amino acid residue 93 and 94 (Kabat numbering (Kabat et al 
(1987) Sequences of proteins of immunological interest, 4th ed., US Department of 
Health and Human Services, PubUc Health Service, Bethesda, MD; see. Table 5 in this 
referoice) does not change the amino acid sequence (alanine-arginine). PGR was 
performed as described above using 200 ng purified first PGR product as template and 
the back primers PVHlFor2, PVH3For2, and PVH5For2. The PGR products were 
purified by extraction with phenol/chloroform, precipitated with ethanol, resuspended in 
50 Ml water and 5 /ig digested with NotI and Ncol. The digested fragments were gel 
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purified and each V„ gene rqjertoire ligated sqnxately into pHEN-1 (Hoogenboom et al. 
1991 supra.) digested with Nott and Ncol. The ligation mix was purified by extraction 
with phenol/chlorofiirm, ethanol precipitated, resuspended in 20 ^tl water, and 2.5 ftl 
samples dectropotaled (Dower et al. (1988) Nucleic Adds Res. 16, 6127-6145) into 50 
Ml E. coU TGI (Gibson et al (1984) Ph.D. Thesis, University of Cambridge). Cells 
were grown in 1 ml SOC (Sambrook er a/. 1990) for 3 min and then plated on TYE 
(Miller (1972) Eiqteriments in Molecular Genetics Cold Springs Harbor Lab Press, Cold 
Springs Harbor, New York) media containing 100 /ig ampidllin/ml and 1% (w/v) 
glucose (TYE-AMP-GLU). Colonies were scraped off the plates into 5 ml of 2 x TY 
broth (Miller (1972), supra) containing 100 /*g ampicillin/ml, 1% glucose (2 x 
TY-AMP-GLU) and 15 (v/v) glycerol for storage at -70»C. The cloning efBdency and 
diversity of the libraries were determined by PCR screening (Gussow and Clackson 
(1989) Nucleic Acids Res. 17, 4000) as described (Marks et al. (1991), supra). Tht 
resulting phage libraries were termed pHEN-I-VhIicp, pHEN-l-VH3rep and 
pHEN-l-VH5rep. 

Three separate C6.5 heavy chain shuffled phage antibody libraries were 
made from the pHEN.l-V„lrq), pHEN-l-V„3rep, and pHEN-l.V„5r^ phage libraries. 
The C6.5 light chain gene, linker DNA, and V„ CDR and FIt4 were amplified by PCR 
from PHEN-1-C6.5 plasmid DNA using the primers PC6VLlBack and fdSEQl. The 
PCR reaction mixtures were digested with BssHn and NotI and ligated 
in^HEN.l-V„lrep, pHEN.l-V„3rq>, and pHEN-l-V„5rq> digested with NotI ami 
BssHn. Transformation and creation of library stocks was as described above. 

Construction light chain shuffled libraries 

To fiidlitate light chain shuffling, a library was constructed in PHEN-1 
containing human and Vx gene repertoires, linker DNA, and cloning sites for 
inserting a Vh gene as an Ncol-Xhol fragment. An Xhol can be encoded at the end of 
FR4 without changing die amino acid sequence of residues 102 and 103 (serine-serine) 
(Kabat et al. Sequences of proteins of immunological interest, 4th ed. U.S. Dept. Health 
and Human Services, Public Health Services, Bethesda, MD (1987)). To create the 
Hbrary, a V„ and Vx gene repertoire was ampUfied by PCR from a 1 .8 x 10« member sFv 
phage antibody Ubrary in pHEN-1 (Marks et al. (1991), supra). PCR was p«f6rmed as 
described above using 10 ng template, 25 pmol Back primer (RJHl/2/6Xho, RJH3Xho, 
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oRJH4/SXho) and 25 pmol forward primer (fdSEQl). The back primers were designed 
to anneal to the first 6 nucleotides of the (G4S) linker and either the JhI, 2, 6, J„3, or J„ 
4,5 segmraits respectively. The PGR reaction mixture was purified as described above, 
digested with Xhol and Nofl, gel purified and ligated into pHEN-Vx3Sl (Hoogenboom 
and Winter (1992) J. Mol. Biol. 227. 381-388) digested with Xhol and Notl. 
Tiansfomiation of £, cott, TGI, VCR screening, and creation of library stocks was as 
desoibed above. The resulting phage library was tamed pHEN-l-VLrep. 

The light chain shuffled phage antibody library was made for 
pHEN-l-VLrep. The C6.5 V„ gene was amplified by PGR from pHEN-l-C6.5 plasmid 
DNA using the primers PCeValFor and LMB3. The PGR reaction mixture was 
purified, digested with Xhol and Ncol, gel purified and ligated into pHEN-l-Vtrcp 
digested with Xho and Ncol. Transformation ofE. cott TGI, PGR screening, and 
oeation of library stocks was as described above. 

^ Construction qfsFv containing highest iSSSnity V„ and gene obtained by Oiain 

shi^ffling 

Two new siFv were made by comlnning the Vt gene of the highest affinity 
Ught chain shufOed sFv (C6L1) with the V„ gene of the highest affinity heavy chain 
shuffled sFv (G6H1 or G6H2). The GdLl plasmid was digested with Ncol and Xhol to 
remove the C6.5 Vh gene and gel purified. TTie Vg gene of C6H1 or G6H2 was 
amplified by PGR using the primers LMB3 and PC6V„lFor, digested with Ncol and 
Xhol and ligated into the previously digested C6L1 vector. Clones were screened for the 
presence of the correct insert by PGR fingerprinting and confirmed by DNA sequencing. 

25 Prepcuution of phage 

To rescue phagemid particles from the libraries, 10 ml of 2 
TY-AMP-GLU were inoculated with an appropriate volume of bacteria (approximately 
50 to 100 Ml) from the library stocks to give an A«o of 0.3 to 0.5 and grown for 30 min, 
shaking at 37*C. About 1 x 10" plaque-forming units of VCS-M13 (Stratagene) 
particles were added and the mixture incubated at 37*'C for 30 min without shaking 
followed by incubation at 37*G for 30 min with shaking. Gells were spun down, 
resuspended in 50 ml 2 x TY broth containing 100 ^g ampidllin/ml and 50 ng 
kanamycin/ml (2 x TY-AMP-KAN), and grown overnight, shaking at 25"G. Phage 
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particles woe purified and concentraied by two PEG-precipitaticMis (Sambrook et al., 
1990), resuq)eaded in 5 ml phosphate buffered saline (25 mM NaH^PO^, 125 mM nIcI 
pS 7.0. PBS) and filtered through a 0.45 u filter. The phage preparation consistenUy 
resulted in a titie of approximately 10" tnmsducing units/ml ampiciUin-resistant clones. 

Selection of phage antibody libraries 

The light chain shuffled Ubraiy was selected using immunotubes (Nunc- 
Maxisorb) coated with 2 ml c-eibB-2 BCD (25 Mg/ml) in PBS overnight at room 
temperature (Marks et al. (1991) supra). The tube was blocked for 1 h at 37«C with 2% 
skimmed milk powder in PBS (2% MPBS) and the selection, washing, and dution were 
performed as described (Marks et al. (1991), supra) using phage at a concentration of 
5.0 X 10«/ml. One third of the eluted phage was used to infect 1 ml log phase E. coli 
TGI, which were plated on TYE-AMP-GLU plates and described above. The 
rescue-selection-plating cycle was rq«ated 3 times, after which clones were analyzed for 
binding by ELISA. 

All Hbiaries were also selected usiqg Wotinylated c-erbB.2 BCD and 

streptavidin-coated paramagnetic beads as described (Hawkin«aZ. (1992) 7. JIfo/ Biol 
226. 889-896) with some modifications. To prepare Wotinylated antigen. 0.2 ml 
c-erbB-2 BCD (1 mg/ml) was incubated with 5 mM NHS-LC-Biotin (Pierce) overnight at 
4-C and then purified on a presto desalting column. For each round of selection, 1 ml 
of phage (approximately 10" t.u.) were mixed with 1 ml PBS containing 4% skimmed 
milk powder, 0.05% Tween 20, and biotinylated c-crbB.2 BCD. Affinity-driven 
ejections were performed by decreasing the amoum of Wotinylated c-erbB-2 BCD used 
for selection. Two selection schemes were used. 

m selection scheme 1 (SI) antigen concentrations of lOnM, 50 nM 10 
nM. and 1 nM were used for selection rounds 1, 2. 3. and 4 respectively. In sel«:tion 
«Aeme 2 (S2) antigen concentrations of 40 nM. 1 nM. 100 pM. and 10 pM were used 
for selection rounds 1, 2. 3, and 4 respectively. n,e mixture of phage and antigen was 
gently rotated on an under-and-over-tumtable for 1 hour at nK>m temperature. To 
capture phage binding biotinylated antigen. strq,tavidin coated M280 magnetic beads 
(Dynabeads, Dynal) were blocked with 2 % MPBS for 1 h at 37 'C . and then added to the 
mixture of phage and antigen. In SI. 200 ^1 (round 1). 100 ^1 (round 2) or 50 ^1 
(rounds 3 and 4) of beads were incubated with the phage-antigen mixture for 15 min 
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rotating on an imdeF-and-over-tumtable at room tenq)enitiiie. In S2, 100 /d (round 1) or 
50 id (rounds 2, 3, and 4) of beads were incubated with the phage-antigen mixture for 15 
min (round 1), 10 min (round 2), or 5 min (rounds 3 and 4). After capture of phage, 
Dynabeads were washed a total of 10 times (3 x PBS cmitaining 0.05% Tween 20 
(TPBS), 2 X TPBS containing 2% skimmed milk powder, x PBS, 1 x 2%MPBS, and 2 x 
PBS) using a Dynal magnetic particle concoitrator. The Dynabeads were lesuspoided in 
1 ml PBS, and 300 ftl were used to infect 10 ml log phase £. coU TGI which wen 
plated on TYE-AMP-GLU plates. 

Initial sFv characterization 

Initial analysis of chain shuffled sFv clones for binding tc-erbB-2 was 
performed by EUSA using bacterial sup^natant containing expressed sFv. Expression 
of sFv (De Bellis and Schwartz (1990) Nucleic Acids Res. 18, 1311) was performed in 
96 well microtitre plates as described (Kfarks et al. (1991), supra) with the foUowing 
exception. After ovonight growth and expression at 30°C, 50 fd 0.5% Tween 20 was 
added to each weU and the plates incubated for 4 h at Sl^C with shaking to induce 
bactnial lysis and increase die concentration of sFv in the bactnial supernatant. For 
selection performed on Immunotubes, ELISA plates (Falcon 3912) were incubated with 
c-erbB-ECD (2.5 ng/ml) in PBS at 4»C overnight. For selections performed with 
biotinylated protein, Immunolon 4 plates (Dynatech) were incubated ovonight at 4*'C 
with Immunqpure avidin (10 ng/val in PBS; Pierce). After washing 3 times with PBS to 
remove unbound avidin, wdls were incubated with biotinylated c-etbB-2 BCD as in 
Example 1. In both cases, binding of sFv to c-abB-2 BCD was detected with tbc mouse 
monoclonal antibody 9E10 (1 ng/ml), which recognizes the C-terminal pqitide tag 
(Munro and PeUiam (1986), CeU 46, 291-300) and peroxidase-conjugated anti-mouse Fc 
antibody (Sigma), as described (Marks et al., 1991, si^ra). Selected binders were 
furtho- diaracterized by sequencing of die V„ and Vl genes (Sanger et al. (1977) Proc. 
Natl. Acad. Sci. USA, 74: 5463-5467), Sequence data has beoi deposited with the 
GenBank Data Library. 

Screening of sFv for relative affinity was poformed essentially as 
described (Friguet et al. (1985) J. Immunol. Meth. 77: 305-319). Immunolon 4 EUSA 
plates (Dynatech) were coated with avidin in PBS (10 Mg/ml) at 4'C overnight. 
Biotinylated c-erbB-2 ECD (5 ^tg/ml) was added to the weUs and incubated for 30 min at 
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room temperature. Bacterial supernatant containing sFv was incubated with vaiym 
concentrations of c-erbB-2(0 to 100 nM) at 4-C for Ih. The amount of ftee sFv was 
then determined by transferring 100 ^1 of each mixture into the weUs of the previously 
prqared ELBA plate and incubating for Ih at 4»C. Binding of sFv was detected as 
under EUSA screening and the IC50 calculated as described (Friguet et al. (1985), 

Screening of sFv by dissociation rate constant (k^) was perfonned using 
iBal-time biospedfic interaction analysis based on surface plasmon resonance (SPR) in a 
BIAcore (Pharmacia). Typically 24 EUSA positive clones ftom each of the final two 
rounds of selection were screened. A 10 ml culture ofE. coli TGI containing the 
appropriate phagemid was grown and expression of sFv induced with ZPTG (De Bellis 
and Schwartz, 1990). Cultures were grown overnight at 25-C, sFv harvested ftom the 
periplasm (Breitling et al. (1991) Gene 104, 147-153), and the periplasmic fraction 
dialyzed for 24 h against HEPES buffered saline (10 mM Hepes. 150 mM NaQ. pH 7.4. 
HBS). In a BIAcore flow ceU, approximately 1400 resonance units (RU) of c-erbB-ECD 
(25 Mg/ml) in 10 mM acetate buffer pH 4.5 were coupled to a CMS sensor chip 
aohnsson et al. (1991) AnaJ. Biochem. 198, 268-277). Association and dissociation of 
undUuted SFv in the periplasmic fraction was measured under a constant flow of 5 
/d/min. An apparent dissociation rate constant (k;^ was determined ftom the 
dissociation part of the sensorgiam for each sFv analyzed (Karisson et al. (1991) J. 
Immunol. Methods 145. 229-240). T^picaUy 30 to 40 samples were measured during a 
single BIAcore run, with C6.5 periplasmic preparations analyzed as the first and final 
samples to ensure stability during the run. The flow ccU was regenerated between 
samples using 2.6 M MgQ, inlO mM glycine. pH 9.5 without significant change in the 
sensorgram baseline after analysis of more than 100 samples. 

Subcloning. expression and purification of Single-chain Fv. 

To feciUtate purification, shuffled sFv genes were subcloned (Example 1) 
into the «q,ression vector pUCllSfi-NotmycHis, which results in the addition of a 
hexa-histidine tag at the C-terminal end of the sFv. 200 ml cultures of Kcoli TGI 
harboring one of the C6.5 mutant phagemids were grown, egression of sFv induced 
with IPTG (De Bellis and Schwartz (1990). supra) and the culture grown at 25-C 
overnight. Singlesdiain Fv was harvested ftom the periplasm (Br«tling et al (1991) 
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supra) dialyzed overnight at 4''C against 8 L of IMAC loading buffer (SO mM sodium 
phosphate, pH 7.S, SOO mNaCl, 20 mM imidazole) and then filtered through a 0.2 
micron filt^. 

Single-chain Fv was purified by immobilized metal afifinity 
chromatography (IMAQ (Hochuli et al. (1988) Bio/Technology, 6, 1321-1325) as 
described in Example 1. To remove dimoic and aggregated sFv, samples were 
concentrated to a volume < 1 ml in a Cmtricon 10 (Amicon) and fractionated on a 
Superdwc 75 column using a running buffer of HBS. The purity of the final preparation 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were detected by 
Coomassie staining. The concentration was determined spectrophotometrically assuming 
an A280 nm of 1.0 corresponds to an sFv concentration of 0.7 mg/ml. 

Measuremem of affinity, Jdnencs, and cell surface retention 

The Kd of light chain shuffled C6.5 mutants isolated from phage selection 
uang Immunotubes (Nunc) were determined by Scatchard analysis. All assays were 
performed in triplicate. Briefly, 50 mg of radioiodinated sFv was added to 5 x l(f 
SK-OV-cells in the presmce of increasing omcentrations of unlabeled sFv from the same 
preparation. After a 30 minute incubation at 20''C, the samples were washed with PBS 
at 4''C and centrifiiged at 500g. The amount of labeled sFv bound to the cells was 
d^ermined by counting the pellets in a gamma counter and the K. and were calculated 
using the EBDA program (V 2.0, G. A. McPherson, 1983). The of aU die other 
isolated sFv were determined using surface plasmon resonance in a BIAcore (Pharmacia). 
In a BIAcore flow cell, approximately 1400 resonance units (RU) of c-abB-2 BCD (25 
Mg/nd in 10 mM sodium acetate, pH 4.5) was coupled to a CMS sensor chip (Johnsson 
et al. (1991), supra). Association and dissociation-rates were measured under continuous 
flow of 5 ml/min using a concentration range from 50 to 800 nM. Rate constant k« was 
detmnined from a plot of (l(dR/dt))/t vs concentration (Karlsson et al (1991), supra). 
Rate constant was determined from the dissociation part of the sensorgram at the 
highest concentration of sFv analyzed. CeU surface retention of C6.5 and C6L1 was 
determined as described in Example 1. 
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Modeling qf location qf mutations 

The location of mutations in shuffled sFv was modeled on the structure of 
the Fab KOL (Maiquait et al, (1980) /. MoL Biol. 141. 369-391) using Maclmdad vS.O 
(Molecular AppUcations Group. Palo Alto, CA) nmning on an Apple Macintosh Quadra 
650. 



Construction of shuffled phage antibody libraries 

To fiuaUtate heavy chain shuffling, libraries were constructed in pHEN-1 
(HoQgenboom et al. (1991). supra) containing human V„ gene repertoires (FRl to FR3) 
and cloning sites for inserting the V„ CDR3FR4. single chain linker, and light chain 
gene from a binding SFv as a BssHn-NotI fragment. Three heavy chain shuffling 
Ubraries were created (pHEN-l-V„lrep. pHEN-l-VH3r.p. and pHEN-l.V„5rq,), each 
enriched for V„l. V„3. or V„5 genes by using PGR primers designed to amwal to the 
consensus sequence of the 3' end of VhI, V„3. or V,^^ (Tomlinson et al. (1992). 
supra). These primers also introduced a BssHH site at the end of FR3. without changing 
the amino acid sequence typically observed at these residues. Libraries of 5 Ox 10» 
clones for pHEN-l-V„lrep, 1.0 x 10* dones for pHEN-l-V^.^, and 1.5 x 10« dones 
for pHEN.l-V«5rep were obtained. Analysis of 50 clones from each library indicated 
that greater than 80% of the clones had inserts, and the libraries were diverse as shown 
by the BstNI restriction pattern (Marks et al. (1991). supra). Three heavy chain shuffled 
libraries were made by cloning the C6.5 V, CDR3, FR4. linker, and light chain genes 
into the previously created V„l . V„3 , or V«5 r^ire using the BssHH and NotI 
restriction sites. After tnmsformation, libraries of 1.0-2.0 x 10» clones were obtained 
PGR screening revealed tiiat 100% of clones analyzed had full length insert and diverse 
BstNI restriction pattern. Prior to selection, 20/92 clones selected at random from the 
V„5 libiary expressed sFv which bound c.erbB-2. 0/92 clones selected at random ftom 
tiie VhI or tepetUmc expressed sFv which bound c-erbB-2. 

To faciUtate light chain shufifling, a library was constructed in pHEN-1 
contaming human V, and V. gene rq,ertoires. single chain linker DNA, and cloning sites 
for mserting tiie V„ gene from binding sFv as an Ncol-Xhol fragment. TTie resulting 
library (pHEN-l-V^ep) consisted of 4.5 x 10^ clones. PGR screening revealed that 95% 
of clones analyzed had full lengti, insert and a diverse BstNI restriction pattern. Alight 
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Chain shuffled library was made by cloning the C6.5 Vh gene into pHEN-l-V,!^. After 
transformation a libiaiy of 2.0 x 10* clones was obtained. PGR screening revealed that 
100% of clones analyzed had full length insert and a diverse BstNI restriction pattern. 
Prior to selection, 0/92 clones selected at random expressed sFv which bound c-erbB-2. 

Isolation and dtaraaerization of higher t^ty light chain shi0led scF 

In a first approach to increase affinity, c-erbB-2 ECD coated polystyrene 
tubes were used for selecting the light chain shuffled library. Phage were subjected to 
three rounds of the rescue-selection-infcction cycle. One hundred and eighty clones from 
the 2nd and the 3rd round of selection were analyzed for binding to recombinant 
c-eibB-2 ECD by EUSA. After the 3rd round of selection, greater than 50% of the 
clones were positive by EUSA (Table 8). 
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T^te 8. Frequency of binding sFv and percent of binding sFv with slower than 
C6.5. biiKhng was determined by EUSA. Rate constant was determined by BIAcore 



Ubrary and method of selection 


EUSA 
Round of Selection 


sFv with slowor k;^ 
Aan C6.5 (parmtal 
sFv) 

Round of Selection 


2 


3 


4 


2 


3 


4 


YL-sbuflfliiig, selected cm 

antigen coated immunotubes 


41/180 


97/180 


ND 


ND 


ND 


ND 


soluble antigm (rd 1, 100 nM; rd 2, 
50 nM; id 3 10 nM; rd 4, 1 nM). 


74/90 


22/90 


13/90 


ND 


0% 


42% 


soluble antigen (rd 1, 40 nM; rd 2, 1 
nM; rd 3, 0.1 nM; rd 4, 0.01 nM) 


ND 


65/90 


62/90 


ND 


25 
% 


84% 


Vxrshuflliiig, selected on: 

soluble antigen; (rd 1, 100 nM; rd 2, 
50 nM; rd 3, 10 nM; rd 4, 1 nM) 


ND 


43/90 


56/90 


ND 


0% 


0% 


soluble antigen (rd 1, 40 nM; rd 2, 1 
nM; rd 3, 0.1 nM; rd 4, 0.01 nM) 
ra»round, Mi>= not detemuned, iiM=1.0 


ND 


90/90 


82/90 


ND 


0% 


12% 



35 
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Table 9. IC50 and K; of C6.5sFv and 4 chain shuffled mutant sFvs. IC^was 



sFv 


IQo(M) 


Kd(M) 


C6.5 


2.0 X 10^ 


2.0 X 10* 


C6VLB 


1.0 X 10* 


3.0 X 10* 


C6VIJ> 


5.8 X 10* 


2.6 X 10* 


C6VLE 


2.8 X 10-' 


7.1 X 10* 


C6VLF 


7.5 X 10* 


7.9 X 10* 
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Positive clones were ranked by ICjo as detennined by competition BUS A 
(Table9). Sixteen sFv with ICjoS less than the IC50 of the parental sfv weie sequenced 
and four unique DNA sequences identified (Table 10). These clones were purified by 
IMAC after subcloning into PUC119SFIWotmycHis. and the affinity detennined by 
Scatdiard analysis. 

Des5»ite their lower ICjoS, none of these 4 sfs^ had a higher affinity for 
c-erbB-2 (Table 9). Gel filtration analysis of the four purified sfv demonstrated the 
presence of two species, with size consistent for monomeric and dimeric sfv. In 
contrast, the parental sFv existed only as monomer. 

As a result of these observations, it was hypothesized that selection on 
immobilized antigen favored the isolation of lower affinity dimeric sFv which could 
achieve a higher apparent affinity due to avidity, m addition, det^mination of IQo by 
inhibition EUSA using native sFv in periplasm did not successfuUy screen for sFv of 
higher affinity. To avoid the selection of lower affinity dimeric sFv, subsequent 
selections were performed in solution by incubating the phage with biotinylated c-erbB-2 
ECD, followed by capture on strq)tavidin coated magnetic beads. To select phage on the 
basis of affinity, the antigen concentration was reduced each round of selection to below 
the range of the desired sFv K, (Hawkins et al. (1992), sig^m). To screen ELKA 
positive sFv for improved binding to c-eibB-2, a BIAcorc was used. Periplasm 
preparations containing unpurified native sFv can be applied diiecdy to a c^B-2 coated 
BIAcore flow ceU, and the determined fkom the dissociation portion of die 
sensoigram. This pennitled ranking the chain shuffled clones by k^. Moreover, by 
plotting In (Rn/R«) vs t, the presence of multiple k^ can be detected, indicating the 
presence of mixtures of monomeric and dimeric sFv. This strategy of selecting on 
antigen in solution, followed by BIAcore screening of ELISA positive sFv. was used to 
isolate higher affinity chain shuffle mutants. 

The light chain shuffled library was subjected to four rounds of selection 
on decreasing soluble antigen concentration (100 Nm. 50 Nm, 10 Nm, and. 1 Nm). In a 
sq»ialB set of experiments, tiie 4 rounds of selection were performed using 40 nM. 1 
nM. 0.1 nM, and 0,01 nM antigen concentration. Using the higher set of antigen ' 
concentrations for selection. 13/90 clones were positive for c-erbB-binding by EUSA 
after the 4th round of selection. In the BIAcore, 42% of tiiese clones had a slower k^ 
than the parental sFv. Using the lower set of antigen concentrations for selection, more 
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clones were positive for c-erbB-2 binding by ELIS A (62/90) after the 4th round of 
sdectimi, and 84% had a slowo^ than Ae parental sFv. Sequoicing of the Vl gene of 
ten of these sFv revealed one unique sFv (C6L1) (Table 10). The Vx gene of C6L1 was 
derived from the same germline gene as the parental sFv, but had 9 amino add 
substitutions. The C6L1 gene was subcloned and the sFv purified by IMAC and gel 
filtration. C6L1 sFv was monomeric as determined by gel filtration and had an affinity 6 
times higher than parental (Table 11). The increased affinity was due to both a faster k„ 
and a slower Kk (Table 1 1). The slower was associated with a three fold increase in 
the retention of sFv on the surfece of SK-OV-3 ceUs (28% at 30 minutes for C6L1 
compared to 10% at 3 minutes for the parental sFv). 



Table 11. Affinities and binding kinetics of c-erbB-2 binding Single-chain Fv, Kj, k« 
and krff were determined by surface plasmon resonance in a BIAcore. Combined Single- 
chain Fv result from combining the of C6L1 with the Vh of either C6H1 or C6H2. 



sFv soiirce and done name 


K,(M) 


k„ (M-V») 


k-r (M-'s «) 


Parental C6.5 


1.6 X 10^ 


4.0 X la* 


6.3 X 10-' 


light Chain Shuffled C6L 


2.6 X 10* 


7.8 X lOr' 


2.0 X 10^ 


Heavy Chain Shuffled 

C6H1 

C6H2 


5.9 X 10* 
3.1 X 10^ 


1.1 X 10* 
8.4 X 10* 


6.2 X la' 
2.6 X 10-' 


Combined sFv 

C6H1L1 

C6H2L1 


1.5 X 10* 
6.0 X 10* 


4.1 X 10* 
3.0 X 10-^ 


6.2 X ia» 
1.8 X 10-' 



Isolation and characterization of higher qffimty heavy chain sh^gfled scf. 

The V„5 heavy chain shuffled library was subjected to four rounds of 
selection on decreasing soluble antigen concentration (100 Nm, 5nM, 10 Nm, and, 1 
Nm). In a separate set of experiments, the rounds of selection were performed using 40 
Nm, 1 Nm, 0.1 Nm, and 0.01 Nm antigen concentration. Using the higho- s^ of 
antigen concentrations for sdection, 56/90 dones were posidve for c-erbB-binding by 
EUSA after the 4th round of selection. None of these dones, however, had a slower k;^ 
than the parental sFv. Using the lower set of antigen concentrations for selection, more 
dones were positive for c-eibB-2 binding by EUSA (82/90) after the 4th round of 
selection, and 12% had a slower k^ tiian tiie parental sFv. No binders were isolated 
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firom dther the VhI or Vh3 shuffled lilnaiies. Sequencing of die Vh gene of all slowo- 

denes revealed two unique sFv, C6H1 and C6H2 (Table 12). The Vh genes of 
C£Hi and C6H2 were derived from the same gennline gene as the paioital sFV, but 
differed by 7 and 9 amino adds lespedivdy. C6H1 also had a stop codon in die heavy 
dudn CDRl and was expressed as a Fm fusion due to read through, albdt at voy low 
levds. The two sFv w«e subcloned and purified by IMAC and gel filtration. Both sFv 
were monomeric as determined by gd filtration C6H1 had 3 fold higher affinity for 
c-abB-2 than C6.5 and C6H2 had 5 fold higher affinity than C6.5 (Table 11). The 
increased afSnity of C6H(5.9 x ia» M) was due to a faster k„, whereas the increased 
affinity of C6H2 (3. 1 x 10* M) was due to both a fester and slower Ic^r (Table 11). 

Location of mutations in chain shuffled scf 

Mutations in chain shuffled sFv were modded on the Fv ftagmoit of the 
inununoglobulin KOL (Nfarquart et al. (1980), sipra) (Figures 2 and 3). KOL was 
selected as the modd because it has a gene derived from the same fenuly as C6.5, 
and a V„ gene with the same length CDR2. Mutations in higher affinity sFv were located 
both in surface residues at the antigen combining site, as wdl as residues located fer 
from the binding site (Figure 2). Excq>t for two consnvative mutations in Vg 
framework 3 (V89M and F91Y), no mutations were located in residues which fimn the 
two 5 stranded B-sheets that form the Vh-Vl interfece (Chothia et al. (1985) 7. Mol. 
BioL 186, 651-663) (figure 2 and Tables 10 and 12). In contrast, all 4 light chain 
shuffled sFv which formed mixtures of monomer and dimer had mutations in residues 
wdiich formed the £-shed that packs <m the Vh domain (Table 4 and Figure 3). 
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Obtained *v y ftftf^ shuffBn^. 

In an attempt to further increase affinity, shuffled V„ and genes from 
higher affinity sFv were combined into the same sFv. Combining the gene from 
C6L1 with the V„ gene from C6H1 resuUed in an sFv (C6H1L1) with lower affinity than 
either C6H or C6H2 (Table 11). No additional reduction in was achieved, and the 

was reduced approximately 2 fold. Similarly, combining the gene from C6L1 
with the Vh gene from C6H2 resulted in an sFv (C6H2L1) with lower affinity than C6L1 
or C6H2 (Table 11). No additional reduction in was achieved, and the k, was 
reduced approximately 2 fold. Thus, in both instances, combining the indq«ndently 
isolated higher affinity V„ and V, genes had a n^ve effect on affinity. 

Produpfinn nf |T^p^^, AfTmifv Mirtuntrr 

In order to prepare higher affinity mutants derived fiom C6.5 part of the 
hght chain and heavy chain CDR3 were sequentially randomized. TTie C6.5 VL CDR3 
was modified by randomizing teh sequence AAWDDSLSG. TTie heavy cham CDR3 
domain was xandomized. The variable heavy chain CDR3 was randomized 4 amino 
acids at a time: In other words, the CDR3 sequence of HDVGYCSSSNCAKWPEYFQH 
was modified by randomizing SSSN (hTnaiy B). DVGY (Hbiaiy A), AKPE (Ubrary C) 
and YFQH (library D) SSSN. AKFE and YFQH respectively as described below. 

I. Material and Mi^lifttliif 

Construction of phage antibody Ubntries 

As explained above, mutant sFv phage antibody Ubraries were constructed 
based on the sequence of C6.5, a human sFv isolated from a non-immune phage antibody 
library which binds to the tumor antigen c-erbB-2 with a Kd of 1 . 6 x 1 a« M 
Example 1). For constniction of a library containing CDR3 mutants an 
oligonucleotide (VLl; Table 18) was designed which partially xandomizld nine amino 
2fi acid residues located in V,CDR3 (Table 4, above). For the nine amino adds 

randomized, the ratio of nucleotides was chosen so that the frequency of wild-type (wt) 
amino add was 49%. 
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To create the libiaiy, C6.5 sFv DNA (10 ng) was amplified by PGR in SO 
/d reactions containing 25 pmol LMB3 (Marks et dl.. 1991 J. Mol. Biol. 222: 581-597), 
25 pmol VLl, 250 ftM dNTPs. 1.5 mM MgCl,, and 1 /tl (5 units) Taq DNA polymerase 
(Promega) in the manufiictums buffer. The reaction mixture was subjected to 30 cycdes 
5. of amplification (94*'C for 30 s, SO^C for 30 s and 72<'C for 1 min) using a Hybaid 

OmniGene cycl^. 

To introduce a NotI restriction site at the 3' «id of the sFv goie 
repotoire, the PGR fragment (850 bp) was gel purified and reamplified using the primers 
LMB3 and VL2 (Table 18). The PGR product was purified, digested with Sfil and Not!, 

2St and ligated into pCANTAB5E (Pharmacia) digested with Sfil and Nod. 

Ligation mixtures were purified as previously described above and aliquots 
electroporated (Dower et al. (1988) Nucleic Acids Res.. 16: 6127-45) into 50 nl E. cott 
TGI (Gibson (1984) Studies on the Epstein-Barr virus goiome. PhD thesis. University of 
Gambridge). Gells wctc grown in 1 ml SOC (Sambrook et al., (1990) supnt.) for 30 

i£ min and then plated on TYE (Miller, J. H. (1972) Experiments in Molecular Genetics, 

Gold Springs Harbor Lab Press, Gokl Springs Harbor, New York.) media containing 
100 iig ampicillin/ml and 1% (w/v) glucose (TYE-AMP-Glu). Golonies were scraped 
off the plates into 5 ml of 2 x TY broth (MiUw (1972) stg>ra.) containing 100 ng 
ampidllin/ml, 1% glucose (2xTY-AMP-Glu) and 15% (v/v) glycerol for storage at 

2fi -70'*C. The cloning effiamcy and diversity of libraries was determined by PGR 

screening (Gussow & Oackson (1989) Nucleic Adds Ees. 17) exactly as described in 
(Marks et al., (1991) si^ra.) and by DNA sequencing (Sanger et al. (1977) Pmc. Natl. 
Acad. Sci. USA, 74: 54^-7). The mutant phage antibody library was designated 
C6VLCDR3. 

21 Four libraries of Vm CDR3 mutants were constructed. For construction of 

each Vh CDR3 library, oligonucleotides (VHA, VHB, VHC, and VHD; Table 18) were 
designed which completely randomized four amino acid residues located in Vh GDR3 
(amino acid residues 96 to 99, library A; residues 100a to lOOd, library B; residues 
lOOf, lOOg, lOOi, and lOOj, library C; and residues lOOk to H102, Ubrary D; Table 13). 

M To cnaxe the libraries, DNA encoding the Vh gene of G6.5 sFv DNA (10 ng) was 

amplified by PGR in 50 fil reactions containing 25 pmol LMB3 (Marks et al., 1991) and 
25 pmol of either VHA, VHB, VHG, or VHD exacfly as described above. The resulting 
PGR fragments were designated VHAl, VHBl, VHGl, and VHDl, based on the 
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mutagenic cdigonudeodde used for amplification. In four separate PGR reactions, DNA 
encoding the light chain, sFv linker, Vg fisunework 4 (FR4), and a portion of V„ CDR3 
of C6MO-9 was amplified by PGR as described above using the primers COiisnot and 
either RVHA, RVHB, RVHC, or RVHD (Table 18). 
i These amplifications yiekied PGR fragments VHA2, VHB2, VHC2, and 

VHD2. The 5* end of primers RVHA, RVHB, RVHC, and RVHD were designed to be 
complementary to the 5' ends of primers VHA, VHB, VHC, and VHD respectively. 
Tliis conq)lementarity permits joining of the VHl and VH2 PGR fiagments together to 
create a fuU length sFv gene rq>ertoire using q>Ucing by overlap extension. To create 

M the mutant sFv gene repertoires, 200 ng of each PGR fragment (VHAl and VHA2, 

VHBl and VHB2, VHGl and VHC2, or VHDl and VHD2) were combined in 50 ml 
PGR reaction mixtures (as described above) and cycled seven times to join the fiagments 
(94«G for 30s, 60«C for 5s, 40»G for 5s (RAMP: 5s). 72X for 1 min). After seven 
cycles, outer primers LMB3 and G6hisnot were added and the mixtures amplified for 30 

1£ cycles (94-G for 30 s, 50»G for 30 s, 72-G for 1 min). The PGR pioducts were 

purified as described above, digested with Sfil and NotI, and separately ligated into 

PGANTAB5E (Pharmacia) digested with Sfil and Notl. Hie four ligation mixtures were 

purified as described above and dectrqpocated into 50 Ml £ CO// 1X31. Ttansformed 

ceUs were grown and plated, and libraries characterized and stored, as described above. 
2a The mutant phage antibody Ubraries were designated C6VHGDR3A, C6VHCDR3B, 

G6VHGDR3G, and G6VHGDR3D. 

Preparation qfphage and selection of phage antibody libraries. 

Preparation of phage for selection was performed exactly as described in 

2£ Examples 1 and 2.. Phage particles were purified and concentrated by two 

PEG-precipitations (Sambrook et al., 1990), resuspended in 5 ml phosphate buffered 
saline (25 mM NaH^,. 125 mM NaGl. pH 7.0, PBS) and filtered through a 0.45 m 
filter. All libraries were selected using biotinylated c-«bB-2 EGD and 
str^tavidin-coated paramagnetic beads M280 (Dynal) as described above. For selection 

2ff of the C6VLGDR3 Ubrary, c-crt)B-2 EGD concentrations of 4.0 x 10* M, 1.0 x 10* M, 

1.0 X 10-'» M, and 1.0 x 10"" M were used for selection rounds 1, 2, 3. and 4 
respectively. The mixture of phage and antigen was gently rotated for 1 h at n)om 
temperature and phage bound to biotinylated antigen captured using 100 ^ (round 1) or 



BNSDCX:iD: <WO ^970027 1 A 1 J_> 



wo 97/00271 




PCT/US96/10287 



79 



50 fd (rounds 2, 3, and 4) of strq>tavidin-coated M280 magnetic beads. After capture of 
phage, Dynabeads w«e washed a total of ten times (tfuee times in PBS containing 

0. 05% Tween 20 (TPBS), twice in TTBS containing 2% skimmed milk powder 
^%MTPBS), twice in ras, once in 2%MPBS, and twice in PBS) using a Dynal 

S. magnetic paitide concmtrator. The Dynabeads were resuspoided in 1 ml PBS, and 300 

id were used to infect 10 ml log phase E. cott TGI whidi were plated cm TYE-AMP-Glu 
plates. For selection of the C6VHCDR3 libraries, c-erbB-2 ECD concentrations of 5.0 x 
10* M, 5.0 X la" M, 5.0 X la" M, and 5.0 x 10"" M were used for selection rounds 

1, 2, 3, and 4 respectively and the phage captured by incubating with 50 fil of 
lit Dynabeads for 5 min. 

The washing protocol was altered to select for sFv with the lowest 1^ 
(Hawkins et al. (1992) J. Mol. Biol 226: 889-896). Dynabeads with bound phage were 
initially subjected to five rapid washes (4 x TPBS, 1 x MPBS) followed by six 30 min 
incubations in one of three washing buffer (2 x TPBS, 2 x MPBS, 2 x PBS) containing 
IS. 1.0 X 10-^ M c-erbB-2 ECD. Bound phage were eiuted &om the Dynabeads by 

sequoitial incubation with 100 fil of 4 M MgClj for 15 min followed by 100 fd of 100 
mM HCl for 5 min. Eluates were combined and neutralized with 1.5 ml of 1 M Tris 
HQ, pH 7.5 and one third of the eluate used to infect log phase E. coU TGI. 

2fi Initidi sFv characterization. 

Initial analysis of selected sFv clones for binding to c-etbB-2 ECD was 
determined by phage ELISA. To prqiare phage for ELISA, single ampicillin resistant 
colonies were transferred into microtitre plate wells containing 100 id 2xTY-AMP-0.1% 
glucose and grown for three hours at 37*C to an A«o of iqqiroximately 0.5. VCSM13 

21 helper phage (2.5 x 10* phage) were added to each weU, and the cells incubated for 1 

hour at 37'C. 

Kanamycin was then added to each well to a final concentration of 25 
ftg/ml and the bacteria grown overnight at 37''C. Supematants containing phage were 
used for ELISA. For ELISA, Immunolon 4 plates (Dyiuitech) were incubated overnight 
ifi at 4'C with ImmunoPure avidin (10 ^tg/ml in PBS; Pierce). After washing three times 

with PBS to remove unbound avidin, wells were incubated with biotinylated c-erbB-2 
ECD as described above. 
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Binding of sFv phage to c-eibB-2 BCD was detected widi 
petoxidase^jugated anti-M13 antibody (Phannada) and ABTS (Sigma) as substrate. 
Selected binders were further characterized by DNA sequencing of the V„ and V, genes. 

Ranking of sFv by was performed using SPR in a BIAcore as described 
above. Briefly, 10 ml cultures of 24 ELBA positive clones liom the third and fourth 
round of sdection were grown to an A«, of approximately 0.8. sFv expression induced 
(De Bellis er a/. (1990). Aiicie/c ^ Res., 18: 1311) and the culture grown overnight 
at 25-C. SjQgIe-«hain Fv were harvested from the periplasm (Breitling et al. (1991) 
Gene, 104: 147-153), and the periplasmic fraction dialyzed for 48 h against hepes 
buffered saline (10 mM hepes, 150 mM NaCl. pH 7.4. HBS). In a BIAcore flow ceU, 

approximatdy 1400 resonance units (RU) of c-eri»B-2 ECD were coupled to a CMS 
sensor chip using NHS-EDC chemistry (Johnsson et al. (1991) Amd. Biochem. 198: 
268-277). Association and dissociation of undUuted sFv in the periplasmic fraction were 
measured under a constant flow of 5 Ml/min and HBS as running buffer. Anapparentk^ 
was determined fiom the dissociation part of the sensorgram for each sFv analyzed 
(Karlsson et al. (1993) J. Inununol Meth. 166: 75-84). The flow ceU was .generated 
between samples using sequential injections of 4 M MgQ, and 100 mM triethylamine 
without significant change in the sensorgram baseline after analysis of more than 100 



Subcloning, expression and purification ofsFv. 

To fiudlitate purification of SFv selected ftom the cevixnj the 
SFv genes were subcloned into the expression vector pUC119 Sfi-NotmycHis which 
results in the addition of a hexa-histidine tag at the C-terminal end of the sFv. The sFv 
from the C6VHCDR3 library already have a C-terminal hexa-histidine tag and 
therefore could be purified without subcloning. 500 ml cultures of E. coli TGI 
harboring om^ of Ihe C6.5 mutant phagemids were grown, expression of sFv induced (De 
Belbs^^ (1990) ^i^prfl.), and the culture grown at 25-C overnight. SingleH:hain Fv 
were harvested from the periplasm (Breitling et al. (1991) supra.), dialyzed overnight at 
4-C agamst 8 L of IMAC loading buffer (50 mM sodium phosphate. pH 7.5. 500 mM 
Naa. 20 mM imidazole) and then filtered through a 0.2 micron filter. Single^Aain Fv 
was purified by IMAC (HochuU et al. (1988) Bio/Technology, 6: 1321-1325) as 
described above. 
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To sq»iate monomeric, dimnic and aggregated sFv, samples were 
concentrated to a volume < 1 ml in a Centricon 10 (Amioon) and fractionated on a 
Superdex 75 column using a nmning buffer of HBS. The purity of the final preparation 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were detected by 
Coomassie staining. The concentration was determined spectrophotometiically, assuming 
an imi of 1.0 corresponds to an sFv concoitration of 0.7 mg/ml. 

Measurement of affinity and binding kinetics. 

The of sFv were determined using SPR in a BIAcore. In a BIAcore 
flow ceU, approximately 1400 RU of c-erbB-2 BCD (90 kDa, McCartney et al. (1995) 
Protein Eng. 8: 301-314) were coupled to a CM5 sensor chip (Johnsson et al. (1991) 
supra.). Association rates were measured under continuous flow of 5 ml/min using 
concentrations ranging from 5.0 x 10^ to 8.0 x KT' M. Rate constant k_ was 
determined ftom a plot of (to (dR/dt))/t vs coocoitration (Karlsson et al., 1991). 

To verify that dififecences in were not due to dififomces in 
immunoreactivity, the relative concentrations of functional sFv was determined using 
SPR m a BIAcore (Kailsson et al. (1993) si^ra.). Briefly, 4000 RU of c-erbB-2 BCD 
were coupled to a CMS sensor chip and the rate of binding of C6.5 (RU/s) determined 
under a constant flow of 30 ml/mm. Over the concentration range of 1.0 x 1(X*M to 1.0 
X 10-' M, the rate of bmding was proportional to the log of the sFv concentration. 
Purified sFv were diluted to the same concentration (1.0 x 1(^ M and 2.0 x 10^ M) as 
determined by Ajgo. The rate of binding to c-erbB-2 BCD was measured and used to 
calculate the concentration based on the standard curve constructed ftom C6.5. 
Dissociation rates were measured using a constant flow of 25 Ml/min and a sFv 
concentration of 1.0 x 10^ M. k^r was determined during the first 2 min of dissociation 
for sFv mutated in CDR3 (Karlsson et al. (1991) supra.) and during the first 15 to 60 
min for clones with below 5 x 10^ s * (sFv mutated in V„ CDR3 and combined sFy). 
To exclude rebinding, was determined in the presence and absence of 5.0 x 10"' M 
c-«bB-2 BCD as described above in Examples 1 and 2. 

Cell surface retention assay. 

TTie ceU surfece retention of sdected sFv was determined on live SK-OV-3 
cells usmg a fluorescence activated ceU sorter (FACS). Purified sFv were labeled with 
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NHS-LC-Biotin (Pierce) using the inanu£u:tiiren instnictions. The ooficentration of 
immunoieactive biodnylated sFv was calculated using SPR as described above. The 
efficiency of biotinylation was also determined in a BIAcote using a flow cell to which 
5000 RU of stzq>tavidin was covpled. The total responses after association were 
S. compared between samples and concentrations of sFv were adjusted using the results 
obtained from the BIAcore. For the assay, aliquots of SK-OV-3 cells (1.2 x 10' 
o^B-2 positive cdls) were incubated with 14 ng biotinylated sFv in a total volume of 
0.5 ml (1 ^ sFv) FACS buffer (PBS containing 1% BSA and 0.1% NaN,) for 1 h at 
37*C. Cdls were washed twice with 10 ml FACS buffer (4»C) and resuspended in 12 
Zfi ml FACS buffer and further incubated at 37"C. Aliquots of cells (0.5 ml from 12 ml 

containing 5 x 10» ceUs) were taken after 5 min, every 15 min for the first hour and after 
two hours repeating the wash and lesuspension cycle. Washed ceU aUquots were fixed 
with 1% paraformaldehyde, washed twice with FACS buffer, and incubated for 15 min 
at 4'C with a 1:800 dUution of phycoerythrine-labeled streptavidin (Pierce). 
1£ Huorescence was measured by FACS and the percent retained fluorescence on the ceU 

surface plotted versus the time points. Single-chain Fv used for the cell surface retention 
assay were C6.5 (K, = 1.6 x lO"* M). C6ML3-9 (K, = 1.0 x 10^ M), C6MH3-B1 (K, 
= 1.2 X lO-" M), and the anti-digoxin sFv 26-10 (Huston et al. (1988) Prvc. Natl Acad. 
ScL USA, 85: 5879-83) as negative control. 

22 

High resolution junctional scan ofC6.5 V„ CDR3, 

A high resolution functional scan of the C6.5 V„ CDR3 was performed by 
individually mutating residues 95-99. lOOa-lOOd, and lOOg-102 to alanine. TTie pair of 
cysteine residues (100 and lOOe) were simultaneously mutated to serine. Residue lOOf 
25. (alanine) was not studied. Mutations were introduced by oligonucleotide directed 

mutagenesis using the method of Kunkel et al. (1987) Meth. EnzymoL. 154: 367-82. 

Insertion of the correct mutation was verified by DNA sequencing, and 
SFv was expressed (De Bellis et al (1990) supra.-, Bieiaing et al. (1991) supra.] and 
purified by IMAC (Hochuli et al. (1988) supra.). Affinities were determined by SPR as 
ifi described above and compared to C6.5 sFv. 

Modeling of location of mutations. 
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The location of mutations in mutated sFv was modeled on the structure of 
the Fab KOL (Marquart et al. (1980) J. Mol Biol, 141: 369-391) using the program O 
(Jones et al. (1991). Acta Cryst., A47: 110-119) on a Silicon Graphics workstation. 

i Ht Resfftts 

11 Miitetion of C6.S sFv V, CHR^ 

Library construction and selection. 

As explained above, 9 amino acids in V^^ CDR3 ware partially randomized 
by synthesizing a •'doped'* oligonucleotide in which the wild-type nucleotide occurred 
ifi with a frequency of 49%. After transformation, a library of 1.0 x 10^ clones was 

obtained. The mutant phage antibody library was designated C6VLCDR3. 

Polymerase chain reaction (PCR) screening revealed that 100% of clones 
analyzed had fiill length insert and diversity was confirmed by sequencing the Vl CDR3 
of ten clones from the unsdected library. Prior to selection, S/92 dones selected at 
i£ random ^pressed sFv which bound c-erbB-2 BCD by enzyme linked immunosorbmt 

assay (ELISA). 

The C6VLCDR3 library was subjected to four rounds of selection using 
decreasing concentrations of biotinylated c-erbB-2 BCD. A relatively high antigra 
ooncratiation (4.0 x 10^ M) was used for the first round to capture rare or poorly 

2fi e^ressed phage antibodies. The concentration was decreased 40 fold for the second 

round (1.0 x 10^ M), and decreased a further tenfold each of the subsequent two rounds 
(1.0 X la**^ M, 3rd round; 1.0 x la" M, 4th round). After each round of sdection, the 
concentration of binding phage in the ix>lyclonal phage preparation was detmnined by 
measuring the rate of binding of polyclonal phage to c-erbB-2 BCD under mass transport 

2f limited conditions using surfiace plasmon resonance (SPR) in a BIAcore. The results 

were used to guide the antigen concentration for the subsequent round of selection. After 
both the third and fourth rounds of selection, 92/92 clones bound c-erbB-2 BCD by 
EUSA. 

ifi Characterization of mutant sFv. 

To identify sFv with a lower K^, than wild-type sFv, apparent was 
determined by SPR in a BIAcore on unpiuified native sFv in bacterial periplasm. 
Twenty-four sFv from the third and fourth rounds of selection were ranked by k;^. After 
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the thiid round of selection, 80% of sFv had a lower k;^ than wt and after four rounds, 
100% of sFv had a lower than wUd-type sFv. The twelve sPv with the lowest 
ftom each of these rounds of selection were sequenced and each unique sFv gene was 
subdoned for purification. Single-chain Fv were purified by immobilized metal affinity 
S. chromatography (IMAQ, followed by gel filtration to remove any dimeiic or aggregated 

sFv. 

The and were determined by BIAcore, and the calculated. 
After die third round of selection, sevai unique sFv were idaitified, all with higher 
afSniQr than wUd-type sFv. Single-chain Fv had on average 1.8 amino add 

lit substitutions/sFv, with a single substitution at residue 92 the most ftequenfly observed 

mutation. These single amino acid substitutions would have occurred with a fiequaicy 
of 1/12,000 in the original library, assuming equal nucleotide coupling effidency. The 
average sFv affinity was 3.6 x lO* M (4.4 fold increase), with the highest affinity 2.6 x 
10"' M (sixfold increase). 

15 After four rounds of sdection, six sFv were identified, and none of these 

sequences were observed in the sFv sequenced ftom the third round. Single^hain Fv 
from the fourth round had on average 2.9 amino acid substitutions/sFv, with expected 
frequendes of between 1/590,000 and 1/24,000,000 in the original library. The average 
sFv affinity after the fourth round was 1.9 x 10* M (8.4 fold increase), with the highest 

2fi affinity 1.0 X 10* M (16 fold increase). The results demonstrate the efficiency of the 

selection technique for isolating very rare high affinity clones ftom a library. Additional 
high affinity sFv (Table 14; C6ML3-14, -15, -19. -23, and -29) were isolated ftom the 
C6VLCDR3 library by using a different elution solution after capture of antigen bound 
phage. 

2£ 

Location of mutations in higher canity sFv. 

Significant sequence variability (six different amino acids) was observed at 
residues 93, and 94, with less variabiUty (three different amino acids) at residues 95 and 
95a. Thus a subset of the randomized residues appear to be more important in 
M modulating affinity. AU but one of these four residues (V,L95) appear to have solvent 

accessible side chains in the C6.5 model. Three of the residues randomized (A89, W91, 
and (396) were 100% conserved in all mutants sequenced. Two additional residues 
(A90S and D92E) showed only a single conservative substitution. These conserved 
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residues zppesn to have a structural role in the variable domain, either in maintaining the 
main chain confOTmation of the loop, or in packing on the Vh domain. Residues A89, 
W91, and D92 are idmtical in both C6.S and KOL, with conservative substitutions A90S 
and G96A obsoved at the other two positions in KOL, consistent with a structural role. 

In the model of C6.S indicated by this invention, G9Sb is in a turn and 
A89, A90, and W91 pack against the Vh domain at the Vh-Vl interface. Hydrogen 
bonds betwera V,D92 and ViS27a and V|N27b bridge 13 and LI to stabilize the L3 and 
LI conformations. 

2> Mutation of C6ML3-9 sFv Vp CDR3 
Library construction and selection. 

To further increase the affinity of C6.S, we chose to mutate the Vh CDR3 
of the highest affinity sFv (C6ML3-9, = 1.0 x 10"* M) isolated from the C6VLCDR3 
library, TdJther than mutate C6.S Vh CDR3 independenUy and combine mutants. This 
sequential approach was taken since the kinetic effects of independmtly isolated antibody 
fragment mutations are frequentiy not additive (Yang ei al. (1995) J. MoL BioL, 254: 
392-403). 

Due to the lengtii of the C6.5 Vh CDR3 (20 amino adds), a high 
resolution functional scan was performed on C6.5 sFv in an attempt to reduce the 
number of amino acids subjected to mutation. Readues 95-99, lOOa-lOOd, and lOOg-102 
were separately mutated to alanine, and the Ka of the mutated sFv determined. Residue 
lOOf (alanine) was not studied. Residues 100 and lOOe are a pair of cysteines separated 
by four amino acids. A homologous siequence in KOL (Marquardt et al. (1980) supra.) 
results in a disulfide bond between the two cysteines and a four residue miniloqp. 
Therefore the two cysteines wm simultaneously mutated to serine. 

Results of the alanine scan are shown in Table 13. No detectable binding 
to c-erbB-2 ECD could be measured by BIAcore for C6.5H95A, C6.5W100hA, and 
C6.5E100iA. Three additional alanine mutants (G98A, YlOOkA, and FIOOIA) yielded 
sFv with 20 fold to 100 fold higher than wt sFv, Substitution of the two cysteines by 
alanine (100, lOOe) yidded an sFv with an 17.5 fold higher K^, and a much faster 
(1.38 X 10"^ s*^) than wt C6.S. The remainder of the alanine substitutions yielded only 
minor (0.5 to 3.7 fold) increases or decreases in K^. 
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Based on the results of the alanine scan and a model of C6.5 based on die Fab 
KOL (Maiqoaidt ei al., 1980), residues H95A. ClOO, and ClOOe were not mutated due 
to their piobabiUty of having an important structural rote. H95 is likdy to be buried at 
the VirVt interface where it makes critical pacldng contacts with the V^d^ -Ilie 
two cysteine residues also are likely to have a structural role in maintaining the minUoop 
conformation. WlOOh was also not mutated given the unique features of tryptophan in 
antibody combining sites (Mian et aJ. (1991) J. Mol Biol, 217: 133-151). 

The remaining 16 amino adds were completely randomized four residues 
at a time in four separate C6VHCDR3 libraries (96-99. library A; lOOa-lOOd. library B; 
lOOf, IQOg, lOQi, and lOQI, library C. and lOOk-102. Hbrary D; see T^b\c 14). After ' 
transformation, libraries were obtained with sizes 1.7 x 10^ (Ubraiy A), 1.3 x 10' 
(library B). 3.0 x 10* (library Q. and 2.4 x 10' (library D). The mutant phage antibody 
libraries were designated C6VHCDR3 libraries A. B, C. and D. PGR screening and 
DNA sequencing 
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Table 13. Binding kinetics of C6.5 Vh CDR3 mutants obtained by high resolution 
functional scan. Amino acid residues 95-99, lOOa-lOOd, and l(X)g-102 of C6.5 V„ 
CDR3 were mutated to alanine using site directed mutagraesis. Cysteine residues, ClOO 
and ClOOe, were simultaneously mutated to serine. 1^, and were measured by SPR 
in a BIAcore, and the calculated. Numbering is according to Kabat et al. (1987). 
NB—no binding. 
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1.1 ± 0.02 


(Jb.i>KiUU)A 
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NB 
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MB 
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lUl.U 


161.6 


0.7J ± 0.07 


11.8 ± 0.25 


C6.5F1001A — 




45.4 


1.1 ± 0.13 


5.0 ± U.06 


C6.J)Q1U1A 




U.82 


12.0 ± 0.02 


0.98 ± 0.02 


C6.!)H1U2A — 


1.2 


i.y 


i.y ± 0.57 


1.1 ± 0.02 



revealed that 100% of clones from all four Ubraries bad fiiU length insert and that the 
sequences were diverse (results not shown). Prior to selection, the percent of clones 
expressing sFv which bound c-efbB-2 ECD by ELISA was 1% for C6VHCDR3 Ubrary 
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A, 57%, libiaiy B, 2% Ifljiaiy C, and 3% library D. The C6VHCDR3 libraries A, B, 
C, and D were selected on biotinylated c-ert)B-2 ECD as described above, but using 
lower antigen concentration. The first round of selection was performed using 5.0 x 10* 
M c-erbB-2 ECD, tenfold lower than for the first round of selection of the C6VLCDR3 
5 library, "niis «>ncentration was chosen because the parental sFv for these Ubraries 

(C6MI3-9) had a greater than tenfold lower than the parental clone for the 
C6VLCDR3 library (C6.5). Biotinylated c-erbB-2 ECD concentration was then 
decreased 100 fold for the second round of selection (5.0 x la" M) and tenfold for the 
third and fourth rounds (5.0 x la" M and 5.0 x 10*" M). As for the C6VLCDR3 
ifi library, the rate of binding of polyclonal phage was measured in a BIAcore to determine 

the antigen concentration used for the subsequent round of selection as discussed below. 

Oiaracterization cf mutant sFv. 

After four rounds of selection, positive clones were identified by ELISA 
I£ and at least 24 sFv from the fourth round of selection were ranked by k^^ using SPR in a 

BIAcore. 1^ ten sFv with the lowest from C6VHCDR3 libraries A, C, and D were 
sequoiced. 



2Q 



21 



SI 



Hh f ^' f^^'^t ^^^^ heavy chain 

CDR3 libraries A. B, C, and D. k;. and k^ were determined in a BIAcore uiig 
punfi^^v. and calculated. Dashes indicate sequence identity. Mutations aiLne 
from PGR error and located outside VH CDR3 ^listed under die heXg " <^^ 



Clone Name 


VH CDR3 sequence 


Other 

Mutatlo 

ns 


K 




C6.5 


HDVGYCSSSNCAKWPEYFQH 




160-0 X 10 '° 


^3.0 X lO' 


VH CDR3 libra 


iry As 






C6ML3»9(wt) 


-DVGY 








C6ML3-A2 


HDVGFCSSSNCAKWPEYFQH 








C6ML3*A3 


HDV6YCSSSQCAKHPEYFQH 




160.0 X 10'*** 


f3.0 X 10- 


VH CDR3 libra 


ry Bx 








C6KL3*9 
(wt) 






10.0 X io-» 


7.6 X 10-* 


C6MH3-B1 


HDVGYCTPRSCAKWPEYFQH 




i>6 X xtr^ 


6.7 X 10-^ 
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C6MH3-B15 


HDVGYCESSRCAKWPEYPQH 




7,7 X icr»® 


2.9 X 10-* 


C6MH3-B11 


HDVGYCSDRSCAKWPEYFQH 




2.2 X 10-»* 


2.3 X 10-* 


C6MH3-B9 


HDVGYC^TAACAKWPEYPOH 




8.7 X 10" 


3.3 X 10-* 


C6MH3-B8 


HDVGYC*TERCAKWPBYFQH 




7.2 X 10-«* 


2.9 X 10-* 


C6MH3-B2 


HDVGYCTDPRCAKffPEYFQH 




3.1 X 10"» 


3.1 X lO-* 


C6MH3-B39 


HDVGYCTDPTCAKWPEYFQH 




3.2 X lO-'* 


1.9 X 10-* 


C6MH3-B25 


HDVGYCLTTRCAKWPEYFQH 




3.6 X XX^r^ 


1.9 X 10"* 


C6MH3-B21 


HDVGYCTTPLCAKWPEYPOH 




7.3 X 10'" 


2.4 X 10"^ 


C6MH3-B20 


HDVGYCSPARCAKWPEYPQH 




8.7 X 10"'® 


1.6 X 10-* 


C6MH3-B16 


HDVGYCADVRCAKWPEYPQH 




3.1 X 10*"° 


2.8 X 10-* 


C6MH3-B47 


HDVGYCTDRSTCAKWPEYPQH 




1.1 X 10» 


p. 75 X 10- 


C6MH3-B48 


HDVCYCTDPSTCAKWPEYFQH 




2.3 X 10-» 


1.3 X 10-* 


C6MH3-B5 


HDVGYCTDATTCAXWPEYPQH 




3^4 X 10-» 


2.3 X 10-* 


C6MH3-B41 


HDV6YCTDRPTCAKHPEYFQH 




5.3 X lO-** 


2.7 X 10-* 


C6MH3-B2 


HDVGYCTDPRTCAKWPEYPQH 




5.8 X 10-» 


3.2 X lO* 


C6MH3-B27 


HDVCYCKNSRTCMCWPBYPQH 




4.7 X 10-» 


4.0 X 10-* 


C6MH3-B34 


HDV6YCQDTRTCAXWPEYPOH 


VI* QIR 


ND 


ND 


C6MH3-B43 


HDVGYCBDYTTCAKWPEYPf^ 




ND 


ND 


C6MH3-B46 


HDVGYCTTPRTCAKWPEYPQH 


VH K23Q 
VH V766 


ND 


ND 


C6MH3-B33 


HDVGYCSDOTTCAKWPEYFQH 




ND 


ND 


C6MH3-B31 


HDVGYCDDYTTCAKHPEYPOH 


VL P7L 


ND 


ND 


VH CDR3 library Cs 


C6ML3-9 
<wt) 


AKWPE 




10.0 X lo-'** 


7.6 X 10-^ 


C6MH3-C4 


HDVGYCSSSNCAVWPEYPQH 




3.7 X 10-'« 


2.0 X 10-* 


C6MH3-C3 


HDV6YCSSSNCAKWPEYFQH 


VH G15E 
VL N54D 


6.5 X 10-»® 


3.2 X 10-* 


VH CDR3 library Ds 


C6ML3-9 
<wt) 


HDVGYCSSSMCAKWPEYFQH 




10.0 X 10»« 


7.6 X 10-^ 


C6MH3-D2 


HDV6YCSSSNCAXHPEWLGV 




1.6 X lO-*® 


2.0 X 10-* 


C6MH3-D3 


HDVGYCSSSWCAKWPEWLDN 




2.7 X 10""> 


2.5 X 10-* 


C6MH3-D6 


HDVGYCSSSNCAKilPEWKYP 




3.5 X 10-«* 


1.8 X 10-* 


C6MH3-D5 


HDVGYCSSSNCAKWPEWMQM 




3,8 X 10-^<^ 


2.1 X IQ-* 
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C6KH3-D1 


HDV6YCSSSNCAKWPEWLHV 




3.1 X 10-'® 


1.1 X 10-* 


C6MH3-D7 


HDVGYCSSSNCAKWPEWQDP 




ND 


3.1 X lO-* 



Due to the diversity of isolated sFv in C6VHCDR3 libraiy B, 48 sFv were ranked by 1;^ 
using SPR, and 22 clones with the lowest Is^ were sequenced. Single-chain Fv were 
purified by IMAC, followed by gel filtration to remove any dimeric or aeew^atpd sFv. 
The k;., and k^were determined by BIAcore and the calculated. 

Very differmt results were obtained finrni the four libraries with respect to 
the number of higha affinity sFv isolated, and the value of Ae highest affinity sFv. The 
best results were obtained ftom library B (Table 14). Fifteen sFv wae isolated with a 
Kd lower than wt C6ML3-9 and no wt seqimices were obsoved (Table 14). The best 
sFv (CeMH3-B47) had a Kd = 1.1 x 10-" M, ninefold lower than C6ML3-9 and 145 
fold lower than C6.5. The of this sFv was 7.5 x 10^' s ', tenfold lower than 
C6ML3-9 and 84 fold lower than C6.5. While a wide range of sequences was observed 
(Table 14, library B), a subset of sFv had the consensus sequence TDRT (first tight sFv, 
Table 14). The consensus sequence is identical with the sequence of C6MH3-B1, which 
is the sFv with the lowest k^ (6.0 x 10"' s"*). 

Five sFv were isolated that had a k^ 2,5 to 3.75 fold lower dian 
C6ML3-9, however expression levels were too low to obtain adequate purified sFv for 
measurement of the (last five sequences. Table 14, Ubrary B). The next best results 
were obtained ftom Ubraiy D (Table 14). Five higher affinity sFv were isolated, with 
the best having a sevenfold higher than wt C6ML3-9. An additional sFv was isolated 
that had a k^ lower than wt sFv, however the expression level was too low to obtain 
adequate purified sFv for measurement of the Kd (last sequence. Table 14, Hbiary D). 
There was selection for a consensus mutation of YlOOkW and replacement of FlOOl with 
hydrophobic methionuie or leucine. No highra- affinity sFv were isolated ftom either the 
A or C libraries. From library A, 8/10 sFv were wild-type, with one higher affinity 
sFv, a contaminant ftom library B. A single mutant sFv with the conservative 
rq)lacement of Y99F had an apparent k^ 2.5 times lower than wt, but expression levels 
were too low to obtain adequate purified sFv to measure the K^. From Kbrary C, 8/10 
sPv were wt sFv, with one higher affinity sFv having mutations located in the Vh and Vl 
genes, but not in the rpgion intentionally mutated. The isolated mutant sFv KlOOgV had 
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a Kd 2.7 fold lower than wt (k^ 3.8 fold lower than C6ML3-9), correlating with the data 
of the alanine scan, in which KlOOgA was the only sFv with decreased i^, 

Abiliiy ofaUmne scanning to idemify residues which modulated i^nity. 
5 Residue ElOOj, the only residue that when converted to alanine had no 

detectable binding, was 100% consoved. Otherwise, there was no corrdation between 
the frequmcy with which the wt amino acid was recovered and the extent to which 
binding was reduced by substitution to alanine. Similarly, there was no correlation 
betwem residues shown to modulate affinity by alanine scaiming and mutations exhibiting 

XC improved binding. This is clear when comparing the results obtained from library B 

(where no alanine mutant had more than a 2.9 fold increase in and library D (where 
Ka was maricedly increased for two alanine mutants, Yl(X)kA and FIOOIA). Despite the 
differmt alanine scan results, both libraries yielded similar nine and sevrafold increases 
in affinity. This result appears to be different than the results of Lowman et al. (1993) 

if J. MoL Biol, 234: 564-578, who found a mild (R^«0.71) positive correlation between 

the frequmcy with which the wt amino acid was recovered from a phage library of 
human growth hormone mutants and the extent to which binding was reduced by alanine 
scaiming. In addition, thdr largest improvements in affinity were for those residues 
shown by alanine scanning to significantly affect binding. 

2fi The reason for the di£fa:ent results is unclear, however in two of the Vh 

CDR3 libraries where alanine scanning indicated a significant effect on binding Cibraries 
A and C), ejqiression levels of mutants were generally low. This could have affected the 
sdection results. 

21 3) Correlation between afTmitv and ri>n surface re tention of sFv . 

The rete^ition of biotinylated C6.5, C6ML3-9, and C6MH3-B1 sFv on the 
surface of SK-OV-3 cells expressing c-erbB-2 was determined, both to verify the 
observed differences in k^, and to confirm that the antigen as presented in the BIAcore 
had biologic significance. The half Ufe (tj/j) of the sFv on the cdJ surface was much less 

ifi than 5 min for C6.5, 11 nun for C6ML3-9, and 102 min for C6MH3-B1. These values 

agree closely with the calculated from the kp^as determined by SPR in a BIAcore 
(1.6 min for C6.5, 13 min for C6ML3-9, and 135 min for C6MH3-B1). The 
anti-digoxin sFv 26-10 (Huston et al. (1988) supra.) was used as negative control, and 
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no binding to c-etbB-2 ECD in a BIAcore or to c-etbB-2 on ^-OV-S cells was 
obsoved. 



Example 4 
Ellltfon of AntihnaW 

As higher affinity phage antibodies are generated, it becomes more 
difBcolt to dttte them from o-ecbB-2. Selection of the highest afifinity mutants is 
enhanced whai elution conditimis are optimized. To determine optimal elution 
conditions, the C6.5 VI CDR3 mutant library was selected on c-erbB-2, and a number of 
difiermt elution conditions studied (infecting direcUy off of magnetic beads, 10 mM 
HCl, 50 mM HCl, lOOmM HCl. 2.6 M MgCIj. 4 M MgQj. 100 mM TDA, and with 1 
/iM c-eibB-2). The greatest percentage of clones with a slower than C6.5 was 
obtained when eluting with 50 mM HCl, 100 mM HCl, or 4 M MgCl,. Even after the 
eluted clones were screoied by BIAcore to identify those wifli the slowest k^r, the 
highest affinity clones resulted from elutions performed with 100 mM HQ as shown in 
Table 15 (in this experiment 4 mM Mgdj was not examined). 

These results corrdated with die amount of phage antibody librazy diat 
remained bound in the BIAcoie after using one of the different elution conditions. For 
the Vh CDR3 elutions phage were eluted sequentiaUy with 4 mM MgClj and 100 mM 
HQ. As affinity increases further more stringent elution conditions may be required. 
This can be determined by analyzing phage libraries in the BIAcore. 



Table 15. Results of C6.5 L3 randomization 4th round off-iale selection and elution 
UndCTlines indicate mutated amino adds. 



Clones 


F 


CDR3 Sequence 


K <M) 


Ktr (8**) 


C6«5 




AAWDOSLSGWV 


1.6 X 10^ 


6.3 X 10-3 


Elution with 100 


OK HCl: 






C6ML3-5 


4 


AAHDYSLS6WV 


3.7 X 10-* 


6.3 X 10-3 


C6ML3*9 




ASWDYTLSGWV 


1.0 X 10^ 


1.9 X 10-* 


C6ML3-14 


2 




1.1 X 10-^ 


7.6 X 10^ 


C6ML3-15 




AAWDRPLW6WV 


2.2 X 10-* 


7.7 X 10' 


Elution with 2.6 J 


M M9CI28 






C6ML3--5 


2 


AAWDYSLSGWV 


3.7 X 10-* 


1.9 X 10-3 


C6ML3-7 


2 


AAHDITAVSGWV 


2.6 X 10-* 


1.7 X 10' 
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C6HL3-12 




AAWDYSRSGWV 


1.6 X 10^ 


7.2 X 10-* 


C6ML3-16 


2 


ASWDYYRSGWV 


5.0 X 10-* 


1.7 X 10* 


C6M13-15 




AAWDRPLWGWV 


2.2 X 10-» 


1.3 X 10* 


Blutlon wltih 100 mM ^Irethi 


diamines 


C6ML3-5 


3 


AAWDXSLSGWV 


3.7 X 10* 


1.9 X 10* 


C6ML3-12 


2 


AAHDYSRSGHV 


1.6 X 10* 


7.2 X 10* 


C6ML3-18 




ASWDASLHGWV 


2.4 X 10* 


6.2 X 10* 


C6ML3-19 




ASHDRFLWOWV 


1.5 X 10* 


1.0 X 10* 


C6ML3-20 




AAV9EQSLHGHV 


3.0 X 10* 


1.4 X 10* 


Elution with 10 mM HCl: 


C6ML3-5 




AAWDYSLSGWV 


3.7 X 10^ 


1.9 X 10* 


C6ML3-7 




AAWDYAVSGWV 


2.6 X 10* 


1.7 X 10* 


C6ML3-21 




AAWDYSQSGWV 


4.5 X 10* 


2.2 X 10' 


C6KL3-22 




AAWDASLSGWV 


8.3 X 10* 


3.6 X 10' 


C6ML3-23 




ASWDHSLWGWV 


1.5 X 10* 


1.0 X 10' 


C6ML3-24 




AAWDEOIFGWV 


12.4 X 10* 


7.9 X 10' 


C6ML3-25 




AAWDNRHSGWV 


7.4 X 10* 


4.4 X 10* 


C6ML3-26 




AAWDDSBSGWV 


8.3 X 10* 


5.0 X 10* 


Elution with 50 inM HCl: 


C6ML3-6 




ASWDYSI.S6WV 


3.2 X 10* 


1.9 X 10* 


C6ML3-7 




AAWDYAVSOWV 


2.6 X 10* 


1.7 X 10-' 


C6MI.3-12 




AAWDXSRSGHV 


1.6 X 10* 


7.2 X 10* 


C6HL3-17 




ASWDYYRSGWV 


5.0 X 10* 


1.7 X 10* 


C6ML3-27 




TAWDYSLS6WV 


no expression 




C6ML3-28 




ASWDYALSGWV 


2.5 X 10* 


1.7 X 10"' 


C6ML3-29 




AAWD6TLWGWV 


1.7 X 10* 


2.2 X 10* 


Elution with 1 


c-erbB-2 


ECD for 30 minutes 




C6ML3-5 


5 


AAWDXSLSGWV 


3.7 X 10* 


1.9 X 10* 


C6ML3-17 




AAWDX&LSGWV 


no expression 




C6ML3-30 


3 


ASWDXXI'IGWV 


no expression 





For ^cample, in a second experimmt, polyclonal phage were prqiared 
after three rounds of selection of the C6VLCDR3 library and studied using SPR in a 
BIAcore. After an initial bulk refractive index change, binding of phage to immobilized 
c-erbB-l BCD was observed, resulting in an average of 189 RU bound. Phage were 
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then aUowed to either ^ntaneously dissociate fiom c-eibB-2 BCD using hepes buffered 
saline (HBS) as running bufifer, or were eluted with either 100 mM HQ, 50 mM HCl, 
10 mM HCl, 2.6 M MgCl,, or 100 mM TEA. 

Major dififerenoes were observed between eluents in their ability to remove 
bound phage. The most effective solutions in removing bound phage antibodies were 
100 mM HQ and 50 mM HQ, followed by 100 mM TEA. 2.6 M MgClj (which 
removes 100% of wild type C6.5) and 10 mM HQ were only minimally more effective 
than die running buffer in removing bound phage. 

These results demonstrate the important effect of eluent choice on the 
affinities of selected antibodies, even when using Umiting antigen concentration and 
BIAcore screening to identify the highest affinity sFv. Two previously described elution 
regimens were found to be the least effective for selecting higher affinity antibodies; 
infecting without elution by adding magnetic beads with antigen-bound phage direcfly to 
E. coli cultures (Figini et al. (1994) /. MoL Biol., 239: 68) and competitive elution of 
sFv with soluble antigen (Hawkins et al. (1992) J. Mol. Biol. 226: 889; dackson et al. 
(1991) Nature, 352: 624; Riechmann «f (1993) Biodiemistry, 32: 8848). 

When elttdng by incubating phage bound to antigen with E. cott, it is 
beUeved the phage must dissociate from antigen for infection to occur. Steric hindrance, 
due to the size of paramagnetic beads, blocks the attachment of pm on antigen bound 
phagetothef-piluson£l cofi. This would result in piefiaential sdection of sFv with 
rapid k^, consistent with the present results. Since a reduction in k^ is the major 
mechanism for decreases in Ka, this results in the selection of lower affinity sFv. 

euting with soluble antigen has a similar effect on the kinetics of selected 
sFv. The phage must first dissociate from immobilized antigen, tiien rebinding is 
blocked by binding of tiie phage to soluble antigen. Phage antibodies with the lowest k^ 
wiU remain bound to immobilized antigen and tiierefore are not available for infection of 
E. cott. 

The optima] type of eluent (acidic, basic, chaotropic) and concentration 
required will depend on tiie phage antibody affinity (Lewis et al. (1985) /. Stervid. 
Biochem. 22: 387; Paiini et al. (1995) Analyst, 120: 1153) and the type of bonds tiiat 
need to be interrupted. This will vary considerably between libraries, dq)ending on die 
nature of the antigen-antibody intnaction. 
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In this example, significanay higher affinity sFv were obtained eluting 
with HCl, pH 1.3 compared to HCl, pH 2.0. In fact, the affinities of sFv isolated after 
dution with HCl, pH 2.0 were no different than results obtained without luting. 
Similarly, 2.6 M MgCla was studied because it was previously determined (see above) 
£ that it would remove 100% of bound wild type C6.S. This concentration of MgClj, 

however, was ineffective in eluting C6.S CDR3 mutants. Eluting with higher 
concentrations of MgClj would have resulted in the selection of higher affinity sFv. For 
example, 3 M MgClj was required to elute 100% of C6L1 sFv (K^ = 2.5 x 10"^ M) 
from a c-eibB-2 BCD BIAcore sensor chip and 4 M MgCl2 was reqiiired to elute 100% 

Ifi of C6ML3-9 (Ka = 1.0 X 10 ' M). 

A conv^ent way to predict the optimal ehieni is to analyze polyclonal 
phage in a BIAcore. The results can then be used to design dution conditions to achieve 
optimal mrichment for high affinity clones. One sq^proach is to elute sequentially, using 
a less stringent eluoit to remove low affinity binders, followed by a more stringent eluent 

i£ to remove high affinity binders. Thus the BIAcore information is used to select 

Vashing' reagents which remove low affinity phage antibodies more effectively than 
PBS. This will reduce the number of selection rounds and amount of screening required 
to select and identify the highest affinity binders. 

This strategy is also be useful to isolate antibodies to low density antigens 

2fi on intact cells or tissue. A mild eluent could be used to remove low affinity phage 

antibodies, which are preferraitiaUy selected due to high dmsity antigen presrat on the 
cell surface, as well as non-specifically bound phage. Phage specific for lower dmsity 
antigms would then be removed using a more stringent solution. 

An alternative to eluting with stringmt soluticms is to use antigen 

25 biotinylated with NHS-SS-Biotin (Pierce) (Griffiths et al. (1994) EAiBO 13: 3245). 

All of the bound phage can be released from the magnetic beads by reducing the 
disulfide bond between antigen and biotin. One advantage of this approach is that elution 
of all phage is guaranteed. Use of NHS-SS-Biotin could be combined with use of a 
milder ^uent for washing (determined by BIAcore analysis) to increase ^irichment for 

ifi higher affinity phage antibodies. 

The present experiments suggest, however, that use of stringent eluents 
that are chemically different (acidic, basic, or chaotropic) results in the selection of sFv 
of equally high affinity, but of different sequence. Isolation of sFv of different 
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sequmces has a number of advantages. Single amino acid changes can affect e3q)iession 
levds in E. coli dramatically. For example, egression level of C6ML3-S (100 iigfLi 
was 100 times less than for wild type C6.S (10 mg/L). Furthermore, different sFv might 
have di£Fermt physicochemical characteristics (dimerizadon, stability, or 
immunoreactivity) or even different effects in vivo (specificity, biodistribution, or 
clearance). Thus parallel selections using different stringmt eluents should result in a 
greater number of high affinity binders than use of a single elurat. 

Example 5 

Produgtinn of Aiitihnilii>« rnmhininp C(iMH3>Bl or CfflViH3>B47 with D I^ihrary 

(YFQH) Mutetigps 

L MgthQdSt 

Construction ofsFv combining higher t^nity V„ and genes. 

The Vl CDR3 gene sequraces of the two highest affinity sFv isolated from 
the C6VLCDR3 library (C6ML3-9 or C6ML3-12) were combined with the highest 
affinity sFv previously obtained from light chain shuffling (C6L1, - 2.S x 10^ M). 
The C6L1 plasmid (10 ng/^) was used as a template for PGR amplification using 
primers LMB3 and either PML3-9 or PML3-12 (Table 18). The gel purified PGR 
fragments were reamplified using primm LMB3 and HuJl 2*3ForNot (Marks et al. 
(1991) supra.) to introduce a NotI restriction site at the 3'-rad of the sFv. The gel 
purified PGR fragments were digested with Ncol and NoO and ligated into pUC119 
Sfi-NotmycHis digested with Ncol and Noa. The resulting sFv were designated C6-9L1 
and C6-12L1. The V^, genes of C6-9L1 and C6-12L1 were combined with the Vh gmes 
of the two highest affinity sFv from the C6VHCDR3 libraries (C6NfH3-Bl and 
C6MH3-B47). The rearranged Vh genes of C6MH3-B1 and -B47 were ampUfied by 
PCR using the primer LMB3 and PC6VH1FOR, digested with Ncol and Xhol Oocated in 
FR4 of the heavy chain) and ligated into C6-9L1 or C6-12L1 digested with Ncol and 
Xhol to create C6-B1L1 and C6-B47L1. The heavy chain of C6MH3-B1 or 
C6MH3-B47 was amplified by PCR using LMB3 and one of the PCD primer (PCDl, 
PCD2, PCD3, PCD5, or PCD6; Table 18) to construct combinations of sFv from the 
C6VHCDR3B and D Ubraries. The purified PCR fragments were spliced with the Vl 
firagment of C6ML3-9 (VHD2) that was used to create the C6VHCDR3D library nactly 
as described above. The fiill length sFv gene was digested with Ncol and NotI and 
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ligated into pUC119 Sfi-NotmycHis. Clones were termed C6-B1D1, -B1D2, -BIDS, 
-BIDS, -B1D6, -B47D1, -B47D2. -B47D3, -B47D5, and -B47D6. Colonies were 
screened for the presence of the correct insert by PCR fingerprinting and confirmed by 
DNA sequencing. Single-chain Fv were expressed, purified, and affinities determined by 
SPR, as described above. 

n. Results, 

Effects on binding kinetics by combining mutations from high qjSfinity sFv. 

As described above, to further increase affinity, the sequences of the two 
highest affinity sFv obtained from the VH CDR3B library (C6MH3-B1 or C6MH3-B47) 
were combined with the sequences of sFv isolated from the C6VHCDR3D library 
(C6MH3-D1, -D2, -D3, -D5, or -D6). An increase in affinity from wild-type was 
obtained for all these combinations, yielding an sFv (C6-B1D3) that had a 1230 fold 
lower than wt C6.S (Table 16). The extent of additivity varied considerably, 
however, and could not be predicted from the parental k„, k^, or K^. In some 
combinations, coop«:ativity was obsenred, with a negative AAGf. Additional 
combinations w»e made between a previously described light chain shuffled C6.S mutant 
(C6L1, sixfold decreased and one of two CDR3 mutants (C6ML3-9 and 
C6ML3-12). These combinations yielded sFv with 49 and 84 fold improved affinity 
(Table 16). Introducing the same rearranged gene into the highest affinity Vh CDR3 
mutants (C6MH3-B1 or C6MH3-B47) resulted in decreased affinity compared to 
C6MH3-B1 (Table S). 

Table 16. Binding kinetics of i^v derived from C6.S CDR3 and Vh CDR3 mutants. 
Mutants obtained by combining mutations of C6MH3-B1 or C6MH3*B47 with mutations 
from D library clones (Dl, D2, D3, D5, D6). Rate constants k«, and were 
measured by SPR in a BIAcore, and the calculated. 



cxone 


(10^ M] 


(1^ B-» 


[10-* B>J 


i Darent \ 
Imut) 


fCb.bl 

Kd (mut) 


( kcal/mol 
] 


A. Combined mutants: C6ML3-9 OR C6ML3-12 with light chain ehuffl 


ed C6L1: 


C6-9L1 


3.3 


9.2 ± 
0.2O 


3.0 ± 
0*40 


3.0 




+ 0.42 




X.9 


fi.7 i 
0.12 


a. 3 ± 
0.32 




B4 


- 0.18 


B. ComDxned mutants : i 
C6L1: 


DbHH3-Bl OR C6MH3-B47 with light chain ehuf 


fled 




6.3 


J.B ± 
0.19 


2.4 ± 
0.01 


0.19 


25 


+ 0.43 






3.0 £- 
0.16 


l.S i 
0.01 


O.IS 


27 


0.45 
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C. Combine 


d mutants X 


C6MH3-B1 OR C6MH3-B47 with D librarv mutants t 


C6-B1D1 


0. J2 


4.7 X 

0.31 


U.15 ± 
0.005 


J. 8 


500 


- o.er— 


as-aiBs — 


B7T5 


0.42 


0.10 i 
0.014 


8.0 " 


1067 


- 0.07 


C6-B1P3 


5713 


i 

0.20 


U.Ot} i 
0.002 


9.2 


123T 


- O.S3 


fc6-Blft5 




5.1 ^ 
0.36 


0.001 


J.4 


457 — 


- 0.40 


Gb-B1D6 




4.1 i 

0.17 


0.002 


<^ . o 




- 0.16 


6&-B47&1 


— ir?B — 


7.1 i 
0.95 


0.48 

0.001 


1.6 


235 


- 0.11 




OTW 


9.8 i — 
0.72 


0.43-T— 
0.001 


r:? — 




+ 0.62 


66-B47B3 


IJ7?B 


£.£ i 
0.26 


0.32-^— 
0.001 


-2T3 — 


333 


♦ 0.25 — 


C6-B47D5 


0.63 ■- 


0.31 


0.39 ± - 
0.002 


1.7 


25? 


- o.oi — 




0.51 


5.9 i - 
0.30 


0.30 I— 
0.001 


272 


314 - 


♦ 0.17 



Production of C6.S-Basi.cl niahnrth^, 
To improve tumor letentuMi sFv dimos (sFv*>| w«c created as described 
above by introdudng a free cysteine at the C-lerminus of the sFv. The dimcr had a 40 
fold improved affinity compared to the monomer (K^ » 4.0 x 10*" M). However, 
evaluation of the C6.5 (sFv'>, in ww, showed no signiiicandy improved tumor retention 
at 24 hours. Without being bound to a dieory, it is believed diat die disulfide bond is 
bdng reduced in \ivo. yielding monomelic sFv. 

To obtain a stable molecule for evaluation in vivo, a C6.5 diabody (also a 
(sFv)2) was produced without introducing a cysteine and crosslinking. Instead, the 
diabody was produced as described in HoUiger et al., Proc. Natl. Acad. Sci. USA., 90: 
6444-6448 (1993) (see also WO 94/13804). To produce the C6.5 diabody, the peptide 
linker sequence between die and domains was shortened from 15 amino adds to 5 
amino adds. This was done at die genetic level. Synthetic oUgonucleotides encoding die 
5 amino acid linker (G4S) were used to PGR ampUfy die C6.5 V„ and Vl genes, which 
were tiien spHced togedier to create die C6.5 diabody gene. The diabody gene was 
cloned into pUC119mycffis, die diabody expressed, and purified by IMAC foUowed by 
gel filtration as described above. 

The affinity of die diabody was measured using sur&ce plasmon resonance 
in a BIAcore and found to be 4.2 x 10-»» M, widi a k^ of 3.2 x 10^ s *. Hie retention of 
die FITC labeled diabody on die surface of c-crbB-2 expressing cells was determined by 
FACS. After 180 minutes, 77% was stiU retained on die ceU surface. Assuming an 
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exponmtial decay for binding, this value for cdl surface retention correlates with a k^fr of 
7 X lO'^ s'^ This is significantiy slowv than the measured on the BIAcore, and 
suggests that c*eibB-2 density is higher on the cell surface than the dmsity used for the 
BIAcoie measurements. 

The retmtion of the C6.S diabody in scid mice bearing subcutaneous 
SK-OV-3 tumors was compared to C6.S. Single chain Fv were xadio-iodinated using the 
chloramine-T method, and 25 fig injected into mice. Values are shown in Table 17 and 
plotted in Figure 4. At 24 hours, tumor retmtion was 6.48% of the injected dose/gm of 
tumor, compared to 0.98% for C6.5. Tumor:blood ratios were 9.7:1 for the diabody 
and 19.6:1 for the C6.S sFv. Significant amounts (1.41%) of the diabody was retained 
at 72 hours. The total area und» the curve (AUG) for tumonblood was 2.3:1. 

The ability of the C6.5 diabody to be internalized into c-erbB-2 expressing 
cells was compared to C6.5 sFv and higher affinity C6.S mutants. Only the diabody was 
internalized, consistent with studies using monoclonal antibodies to c-erbB-2 which show 
that crosslinking of c-erbB-2 results in internalization. This does not occur with all 
anti-c-erbB-2 antibodies, but rather is q>itope dependent. Thus C6.S recognizes an 
intemalLdng epitope, but int^nalization only results when tiie recqMor is crosslinked by 
the diabody. This opens up the possibility of creating diabody-toxin fusions (since toxins 
must be internalized to be active). It is bdieved that C6.S also causes signalling through 
c-erbB-2 via cross-linking of the receptor and activation of the tyrosine kinase activity. 
It has been shown that activation of the cell through c-erbB-2 signalling increases the 
sensitivity of the cdl to conventional cancer chemotherapeutics. Through activation of 
the kinase, C6.S is expected to have dierapeutic properties when combined witii a 
convmtional cancer chemothoapeutic. 



Table 17. Tissue distribution of diabody as a function of time. 



Time 
(Hrs) 




C6.5 


Tumor 
mean±se 


Blood 
mean±se 


Tumor 
mean±se 


Blood 
mean±se 


0.08 




42.08 ± 0.77 






1 


6.93 ±0.39 


21.47 ± 1.67 






4 


10.06 ± 0.63 


6.73 ± 0.29 


0.98 ± 0.08 


0.05 ± 0.01 


24 


6.48 ± 0.77 


0.67 ± 0.05 
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2.42 ± 0.18 


0.11 ± 0.01 






72 


1.41 ± 0.13 


0.06 ± 0 







11 



M 



21 



31 



Table 18. Sequences of primers used in the foregoing examples. Nucleotide mixtures 
used, molar fraction: 1: A (0.7), C, G, and T (0.1); 2; C (0.7), A, G, and T (0.1); 3: 
G (0.7); 4: T (0.7), A, C, and G (0.1); 5: C and G (0.5); 6: C (0.7) and G (0.3); 7: 
C (0.3) and G (0.7); 8: A, C, G, and T (0.25). 



Primer 


Seqiittiice 


LNB3 


5 * -CA6GAAACAGCTATGAC-3 * 


fd-seql 


5 • -GAATTTTCTGTATGAGG-3 • 


PHEN'Iseq 


5 • -CTATGCGGCCCCATTCA*3 • 


Linkseq 


5 * -CGATCCGCCACCGCCAGAG-3 ■ 


PVHIForl 


51 .TCGCGCGCA6TAATACACGGCC6TGTC-3« 


PVH3For1 


5 ' •TCGCGCGCAGTAATACACAGCC6T6TCCTC*3 • 


PVHSForl 


5* *TCGC6CGCA6TAATACATG6CGGTGTCCGA-3 ■ 


PVN1For2 


S ■ •GA6TCATTCTCGACTTGCGGCCGCTCGCGCGCAGTAATACAC66CCGTGTC*3 * 


PVH3Fer2 


5 * •GAGTCATTCTCGACTTGCGGCCGCTCGCGCGCAGTAATACACAGCCGTGTCCTC-3 * 


PVH5For2 


S " -GAGTCATTCTCGACTTGCGGCCGCTCGCGCGCAGTAATACATGGCGGTGTCCGA-S* 


PC6VLlback 


5 ■ - AGCGCCGTGTATTTTTGCGCGCGACATGACGTGGGATATTGC-3 * 


RJH1/2/6Xho 


5 ' -ACCCTGGTCACCGTCTCGAGTGGTGGA-3 ■ 


RJH3Xho 


5 " -ACAATGGTCACCGTCTCGAGTGGTGGA-3 * 


RJH4/5Xho 


5 ' - ACCCTGGTCACCGTCTCGAGTGGTGGA-3 * 


PC6VH1For 


5 ' *GAGTCA7TCTCGTCTCGAGACGGTGACCAGGGTGCC-3* 


VLl 


AATCAGCCTCAT-3' 


VL2 


S' -GAGTCATTCTCGACTTGCGGCCGCACCTAGGACGGTCAGCTTGGTCCCTCCGCCGAACACCCA-y 


VHA 


5' -GCGCAGTTGGAACTACT6CA,S,8,8,5,8,8,5,8,8,5,B,8,ATGTCTCGCACAAAAATACACGGC«3' 


RVHA 


5' -TGCAGTAGTTCCAACTGCGC-3' 


VHB 


5' -GTAnCAGGCCACTTT6C6CA,5«8,8,5.8,8,S,8,8,5,8,8,6CAATATCCCACGTCATGTC-3' 


RVHB 


5* -TGCGCAAAGTGGCCTGAATAC-3' 


VHC 


5' -CTGGCCCCAATGCTGGAAGTA,5,8,8,5.8,8,CCA,5,8,8,5,8,8,6CAGTTGGAACTACTGCAATATCC-3' 


RVHC 


5' -TACTTCCA6CATTGGGGCCAG-3' 


VHD 


5' -GACCAGGGTGCCCTGGCCCCA,5,8,8, 5,8,8, 5,8,8,5,8,8,TTCAGGCCACTTTGC6CAGTTGG-3' 


RVHO 


5* -TGGGGCCAGGGCACCCTGGTC-3' 


Cbhisnot 


5' -GATACGGCACCGGCGCACCTGCGGCCGCATGGTGATGATGGTGATGTGC6GCACCTAGGACGGTCAGCTTGG-3' 


PNL3-9 


5' -CCTAGGAC6GTCAGCTTGGTCCCTCCGCCGAACACCCAACCACTCAG6GT6TAATCCCAGGATGCACAGTAATAATCAG 


PHL3-12 


5' -CCTAGGACGGTCAGCTTGGTCCCTCCGCCGAACACCCAACCACTCCGGCTGTAATCCCATGCTGCACAG-3' 


PCD1 


5* -GACGGTGACCAGGGTGCCCTGGCCCCAAACGTGCAGCCATTCAGGCCACTTTGCGCA-3* 


PGD2 


5* -GACGGTGACCAGGGT6CCCTGGCCCCATACGCCCAGCCATTCAG6CCACTTTGCGCA-3' 


PC03 


5' -GACGGTGACCAGG6TGCCCTGGCCCCAGTTGTCCAACCATTCAGGCCACTTTGCGCA-3' 


PCD5 


S' -GACG6TGACCAGGGT6CCCT6GCCCCACATCTGCATCCATTCAGGCCACTTTGCGCA-r 


PCD6 


5' •GACG6TGACCA6G6TGCCCTGGCCCCAGGGGTACATCCATTCAGGCCACTTTGCGCA*3' 



4S, It is understood that the examples and embodiments described herein are 

for illustrative purposes only and that various modifications or changes in light thereof 
will be suggested to persons skilled in the art and are to be included within the ^irit and 
purview of this application and scope of the zppmded claims. All publications, patoits, 
and patoit applications cited herdn are hsxdoy incorporated by reference. 
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WHAT IS CLATMKD ¥Si 

1 1. A human antibody that specifically binds to c-eibB-2, said antibody 

2 being a C6 antibody. 

1 2. The antibody of claim 1, wheran said antibody has tiie variable 

2 heavy (Vh) chain of C6.S. 

1 3. The antibody of claim 1, wherein said antibody has tiie variable 

2 light (Vh) chain of C6.5, 

1 4. The antibody of claim 1, wherein said antibody is C6.S. 

1 5. The antibody of claim 1, wherein said antibody has the amino acid 

2 sequmce of C6.S. 

1 6. The antibody of daim 1, wherein said antibody has the anuno acid 

2 sequrace of C6ML3-14. 

1 7. The antibody of claim 1, wherein said antibody has the anuno acid 

2 sequmce of C6L1. 

1 8. The antibody of daim 1, wherein said antibody has the amino add 

2 sequmce of C6MH3-B1 . 

1 9. The antibody of claim 1, wherein said antibody has the amino add 

2 sequmce of C6ML3-9. 

1 10. The antibody of claim 1, whoein said antibody is selected from the 

2 group consisting of an antibody having a domain with one of the amino add 

3 sequences shown in Table 10, an antibody having a Vh domain with one of the amino 

4 add sequences shown in Table 12, an antibody having a V^ CDR3 domain having one of 
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5 the amino add sequences shown in Tables 4, 15, and 16, and an antibody having a V„ 

6 CDR3 domain having one of the amino acid sequences shown in Tables 13 and 14. 

1 11. The antibody of claim 1, whetein said antibody expressed by any of 

2 the clones listed in Table 16. 

1 12. The antibody of claim 1, wherein said antibody is an Fab. 

1 13. The antflxxJy of daim 1, wheran said antibody is an (Fab*),. 

1 14. The antibody of claim 1, wherein said antibodyCsFv*),. 

1 15. The antibody of claim 14, wherein said {Sfv'h is a fusion piotein 

2 of two sFv* £ragmaits. 

1 16. The antibody of daim 1, wherein said antibody is C6.5 Fab. 

1 17. TbR antibody of daim 1, wherein said antibody is C6.5(Fab% 

1 18. The antibody of daim 1, wfanein said antibody is C6.5(sFv*)2. 

^ Th« s^ti^^^ly of ciaim 1, wherein said antibody has a Kjianging 

2 fiom about 1.6 x 10^ M to 1.0 x 10-«» M in SK-BR-S using a Scatdiaid assay or against 

3 purified c-«ibB-2 by surface plasmon resonance in a BIAcore. 

1 20. The antibody of daim 19, wherein said is about 1 6 x 10^ M 
2 

1 21. A nuclac add encoding a human C6 antibody that spedfically 

2 binds to c-erbB-2. 

1 22. The nucleic add of claim 21 , wherein said C6 antibody binds to 

2 SK-BR-3 cells with a K, less than about 1.6 xia« as detennined using a scatchaid assay. 



BNSDOCID: <WO_9700271A1_L> 



wo 97/00271 




PCT/US96/10287 



23. The nucleic acid of claim 21 » wherein said nucleic acid encodes an 
an antibody sheeted from the group consisting of an antibody having a IV,^ domain 
containing one of the amino acid sequoices shown in Table 10, an antibody having a Vh 
domain containing one of the amino add sequmces shown in Table 12, an antibody 
having a Vj. CDR3 domain containing one of the amino add sequmces shown in Tables 
4, IS, and 16, and an antibody having a Vh CDR3 domain containing one of the amino 
add sequences shown in Tables 13 and 14. 

24. The nucleic add of claim 21, wherein said nudeic acid encodes the 
variable light (VJ chain of C6.5, 

25. The nucldc add of claim 21, wherein said nucleic acid encodes the 
variable heavy (Vh) chain of C6.5. 

26. The nucleic acid of claim 21, wherein said nucleic add encodes 

C6.5. 



27. The nucleic add of claim 21, wherein said nuddc add encodes the 
the amino add of a C6.5 antibody and conservative amino add substitutions of said C6.5 
antibody. 



28. A cell comprising a recombinant nuddc add that mcodes a human 
antibody that q)ecifically binds c-ert>B^2, wherdn said antibody is a C6 antibody. 

29. A chimoic molecule that q>ecifically binds a tumor cdl bearing c- 
eibB-2, said chim«ic molecule comprising an effector molecule attached to a human C6 
antibody that spedfically binds c-eibB-2. 

30. The chimeric molecule of claim 28, wherein said C6 antibody is a 
single chain Fv (sFv). 
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31. The chimeric molecule of claim 28, wherein said effector molecule 
is selected from the group consisting of a cytoioxin, a label, a radionuclide, a drag, a 
liposome, a ligand, and an antibody. 



32. The diimeric molecule of daim 28, whetdn said effector molecule 
is a Pseudomonas exotoxin. 

33. The chimeric molecule of claim 28, wherein said chimeric molecule 
is a fusion protein. 



34. A method for making a C6 antibody, said method comprising: 

i) providing a phage library presoiting a C6.5 variable heavy (Vh) 
chain and a multiplid^ of human variable light (VJ chains; 

ii) panning said phage library on c-erbB-2; and 

iii) isolating phage that specifically bind said c-erbB-2. 

35. The method of daim 33, further comprising: 

iv) providing a phage library presenting a the variable light chain (Vj) 
of the phage isolated in st^ iu and a multipUdty of human variable heavy (Vh) 
diains; 

V) panning said phage library on immobilized c-abB-2; and 
vi) isolating phage that spedficaUy bind said c-erbB-2. 

36. A method for making a C6 antibody, said method comprising; 

i) providing a phage library presenting a C6.5 variable light (VJ 
diain and a multipUdty of human variable heavy (Vh) chains; 

ii) panning said phage library on immobilized c-erbB-2; and 

iii) isolating phage that spedficaUy bind said c-^B-2. 



37. A method for making a C6 antibody, said method comprising: 
i) providing a phage Ubrary presenting a C6.5 variable Ught (VJ and 
a C6.5 variable heavy chain encoded by a nucldc add variable in the sequence 
oicoding the CDRs sudi that each phage display a different CDR; 
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1 ii) panning said phage library on c-abB-2; and 

2 iii) isolating phage that specificaUy bind said c-esbB-l. 

1 38. A method for impairing growth of tumor cells bearing c-abB-2, 

2 said method comprising contacting said tumor with a chimeric molecule comprising a 

3 cytotoxin attached to a human C6 andbody ttat specifically binds c-erfoB-2. 

1 39. A method for detecting tumor cells bearing c-erbB-2, said method 

2 comprising contacting said tumor with a chimeric molecule comprising a label attached to 

3 a human C6 antibody that specifically binds c-erbB-2. 

1 40. A polypeptide comprising one or more of the complementariQr 

2 determining regions (CDRs) whose amino acid sequence contains a CDR sequrace 

3 selected from the group consisting of the CDRs listed in Tables 4, 10» 12, 13, 14, IS, 

4 and 16. 
1 

2 41. A nucleic acid molecule comprising a nucleotide seqtience 

3 encoding a single chain polypqrtide that exhibits the antibody-binding specificity of a 

4 human C6 antibody, said polypeptide comprising: 

5 a) a first polypeptide domain, comprising an amino acid sequence tihat 

6 is the binding portion of a variable region of a heavy chain of a human C6 antibody; 

7 b) a second polypeptide domain, comprising an amino acid sequmce 

8 that is tfie binding portion of a variable region of a light chain of a human C6 antibody; 

9 and 

10 c) at least one polypqptide linkers comprising an amino acid sequrace 

1 1 spanning the distance hetwem the C-terminus of one of the first or second domains and 

12 the N-terminus of the other, whereby said linker joins the first and second polypeptide 

13 domains into a single chain polypeptide. 

1* 42. A polypeptide which exhibits immunological binding properties of 

15 a human C6 antibody, said polypeptide comprising first and second domains connected 

16 by a linker moiety, whoein: 
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1 a) the first domain comprises at least one amino acid sequence that is 

2 a CDR derived from a heavy chain of a human C6 antibody; and 

3 b) the second domain comprises at least one amino add sequence that 

4 is a CDR derived from a light chain of a human C6 antibody. 

1 43. The polypeptide of claim 42, wherein the first domain comprises a 

2 a heavy chain of a human C6 antibody. 

1 44. The polypeptide of claim 42, wherein the second domain 

2 comprises a light chain of a human C6 antibody. 

1 45. An expression cassette, comprising: 

2 a) the nucleic acid molecule of claim 41; and 

3 b) a control sequence operably linked to the nuddc molecule and 

4 capable of directing the expression thereof. 

^ 46. An expression cassette, conqnising: 

2 a) the nucleic acid molecule of claim 41; and 

3 b) a control sequence operably linked to the nudoc 

4 molecule and capable of directing the expression thereof. 

^ 47. An expression cassette, conqnising: 

^ a) the nucldc acid molecule of claim 41; and 

3 b) a control sequence operably linked to the nucldc 

4 molecule and capable of directing the expression thereof. 

1 48. A method of inducing the production of a polypeptide, comprising: 

2 a) introducing the expression cassette of claim 47 into a host ceU 

3 whereby the cassette is compatible with the host ceU and rq)licates in the host cell; 

4 b) growing the host cell whereby the polypq>tide is expressed; and 

5 c) isolating the polypeptide. 



49. 



A method of inducing the production of a polypeptide, comprising: 
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1 a) introducing the expression cassette of claim 47 into a host cell 

2 whereby the cassette is compatible with the host cell and rq>licates in the host cell; 

3 b) growing the host cell wherry the polypeptide is expressed; and 

4 c) isolating the polypq>tide. 

1 50. A method of inducing the production of a polypeptide, comprising: 

2 a) introducing the expression cassette of claim 47 into a host cell 

3 whereby the cassette is compatible with the host cell and replicates in the host cell; 

4 b) growing the host cell whereby the polypeptide is 

5 ei^ressed; and 

6 c) isolating the polypq)tide. 
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